UNCLASSIFIED 


AD  NUMBER 


AD442477 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  Jun  1964. 
Other  requests  shall  be  referred  to  US 
Army  Biological  Labs.,  Fort  Detrick, 
Frederick,  MD. 


AUTHORITY 


DAPRA  ltr  dtd  4  Dec  1973 


THIS  PAGE  IS  UNCLASSIFIED 


CALIBRATION  OF  SPRAY  SYSTEMS 
C-I23/MC-I 
H-34/HIDAL 
A-IH/FIDAL 


Sponsored  by 

Advanced  Research  Projects  Agency 
Project  Agile 
ARPA  Order  256 


DDC 

hglehloc 

JUL  1  7  1964 


JUNE  1964 


DDC  IRA  C 


UNITED  STATES  ARMY 
BIOLOGICAL  LABORATORIES 
FORT  DETRICK 


I  Q  | 

4  L  8 


7  7 


Best 


Available  Copy 


0.».  ASST  KIOUSICAL  USC£4TCm3 
Fort  fcatrlch,  Frodarlck,  h&xy land 


f 


TTSTOCAL  EEftST  46 


CAUEii.TIf"'*  C?  SrtAT  ST5C3MS 
C‘ll3/5K-l 
■-J4/H1EM. 
A-U/pmit 


Tt»li  rotwarch  vat  tu  t>  ported  by  the 
Advanced  Be  starch  Frojectt  Agency 
Froject  Agile  under  A2M  Ordar  256. 


Utter  W.  Boyer 
Jasffl*  V.  Iwn 


, _ Crops  Division 

BIUCTCSt  0?  BICICCICAL  KSSABilH 


Froject  A8?A  Cro*r  256 


Juno  1964 


1 


TM«  publication  or  any  portion  thereof  nay 
not  be  reproduced  without  apeclflc  authoriza¬ 
tion  froa  the  Ccrsar.dlng  Officer,  U.  a.  Army 
Biological  Laboratorlea,  4TT31:  Technical 
Releases  Branch,  Technical  Information  Dlvi- 
aion,  Fort  Patrick,  Frederick,  Maryland. 
However,  CSC  la  authorized  to  reproduce  the 
publlcaclon  for  U.  S.  Government  purposes. 


Tba  Information  in  thla  publication  haa  not 
been  cleared  for  relsace  to  the  public. 


ax  AVAUAmm  botics 

Qualified  requestors  My  obtain  copies  of  l.hls 
publication  directly  from  POC. 

Foreign  announcement  and  dlssenl notion  of  thla 
publication  by  CSC  la  limited. 


^ .Ji; . i^/^gy^-jr*^- ■-'  f«?-*^»' y*  ■-**■'«  t»<ifrw<iw^i  ■■'  'y^y  PiV^'"Jf-*-- jm  .t/mw*?*™*.*1  »»  *b’>™= — r  1  w®wf,wrw» 


\i  ZSSKtZ  3F*fe— £3 


A£SE££I 


A1TC'?  #e5far"h  Project.  Agency  of  the  Office  of  the 
Secretary  of  Defenae  apon.ored  tha  calibration  trial.  of  two  aerial 

irZiTl?*’.  "U1*  ~r*  condu^*<1  *w  Kay  through  July  U 

»rt5.  in  ^ir5y^  vith^altered  *"  eXten‘l0"  °f 

^‘jsjs-is:  ^vrjftiErss  :l:  sr* 

nest  practical  could  be  Indicated.  The  aecond  ayetea,  the  H-34/MIDAL 
d  ffered  fro.  the  original  aodcl  calibrated  1„  July  of  61,L’ 

A  r  Force  Ba,e  tn  that  It.  flow  rate  approached  70  gallon,  per  Minute 
.laoat  three  tl«.  the  flow  rate  of  the  original  ay,t«. 

A  new  concept  called  FIDAL  wa«  te.ted  for  po.aible  u.e  with  A-1E 
and/or  A-1H  aircraft  and  i§  reported  In  Supple*ent  III. 
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A.  BACKGE0UJ3D 

The  calibration  data  reported  here  were  obtained  In  the  extension 
of  previous  work1* 3  on  two  systems,  tl:e  C-  12Z/KC- 1  and  the  H-34/HIDAL 
(Hellcoptct  Insecticide  Dispersal  Apparatus,  Liquid).  The  former 
consisted  of  a  1000-gallon  aluminum  tank,  a  ten-horsepower  gasoline 
engine  and  pump  combination,  and  wing  booms;  these  were  all  mounted 
in  and  on  a  C-123  aircraft.  At  the  maximum  flow  rate  of  about  200 
gallons  per  minute,  this  system  cculd  provide  a  spray  of  Purple  code 
material  at  a  deposit  rate  of  gallons  per  acre  over  a  300-foot 
swath.  The  mass  median  diameter  (MIS)  of  the  droplcta  wea  about 
300  microns  when  the  spray  was  released  lnwlnd,  or  nearly  so,  from 
150  feet  above  terrain  at  an  indicated  airspeed  of  130  knots  (ls'i 
miles  per  hour).  This  provided  a  spray  of  relatlve’y  large  droplets 
for  Increased  alaablllty  and  a  deposit  of  three  gallons  per  acre  for 
lncreaaed  assurance  of  effect.  Both  of  theae  parameters  were 
recommended  by  others,  and  this  level  of  deposit  was  obtained  operationally 
only  by  two  separate  apray  paases  over  the  a»t»e  area.3-®  This  procedure 
contributes  to  better  coverage  of  the  area  sprayed,  but  has  the 
disadvantage  of  extending  the  time  of  the  aircraft's  exposure  to  possible 
enemy  fire,  expecially  where  the  two  passes  sre  made  on  the  same 
mission  by  a  tingle  aircraft. 

The  d«a  in  this  report  concern  the  performance  of  different 
configuration#  or  modlf ications  of  the  two  aerial  spray  ayatema  mentioned 
mo.  The  A-1H/FIDAL  concept  la  reported  In  Supplement  III. 

3.  l-123*/MC-l  rystera  was  specially  rigged  for  selected  variability 
«p>ay  delivery,  primarily  in  terms  of  greater  flow  rate  (In  order 
to  obtain  a  deposit  of  three  gallons  per  acre  or  more)  and  with  the 
addition  of  i  tall  boom  {Figure  1).  Its  configuration,  therefore, 
should  be  considered  that  of  a  research  vehicle  and  not  necessarily 
aa  a  separate  modification  or  as  a  prototype 

The  atandard  HIDAL  ccnststs  of  a  200-gallon  fiber  glass  tank,  an 
electric  motor  and  positive  d  1  sp lacrment  pump  combination,  and  two 
stainless  steel  boews  mounted  one  on  each  side  of  the  helicopter  fuselage. 
The  standard  HIDAL,  Installed  In  an  H-34  and  spraying  Purple  code 
material  at  24  gallons  per  minute,  provided  essentially  a  100-  to  150-foot 
swath  at  a  deposit  rate  of  one  gallon  per  acre,  with  a  particle  MUD  of 
about  330  microns  uii  inwind  releases  from  a  height  of  75  feet  and  at  an 
indicated  airspeed  nf  so  knots  (57.6  miles  per  hour). 


*  Aircraft  number  56-438b. 


I>iagr«a  of  Mitenination  Sy*t«a  of  C-123/pc- 


t u  Mm-  ^SavjiwiM«>>  MWrhw£  lidMljJ  ivj>  n>i 


•rsprrfHI  ■■ratS-t.S'W^'i'W?  wry’"' 
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The  HIDAL  was  first  used  PCOVUS8*7  in  August  1961  to  spray  herblcjdal 
materials,  and  minor  modifications  were  made  to  the  system  that  subsequently 
Indicated  the  possibility  of  using  greater  airspeeds  for  the  delivery 
of  spray  release  or  flow  rate  by  the  system.*  The  data  presented  here 
concern  a  modified  HIDAL  system  (Figure  2)  that  can  provide  a  flow  rate 
of  65  to  70  gallons  per  r.lnute  of  Purple  code  material. 


B.  APPROACH 

The  questions  below  were  considered  In  planning  the  1963  calibration 
trials  at  Kglin  Air  Force  Base. 

1.  What  effective  swath  widths  could  be  obtained  fui  each  or  the 
systems  and  for  functioning  partr  of  the  C-123/PC-1  system  under  the 
following  conditions? 

(a)  At  different  flew  rates  for  the  MC-1, 

(b)  At  different  altitudes  for  HIDAL, 

(c)  At  different  airspeeds  for  FT DAI, 

(d)  Using  s  variety  of  nossles  for  HIDAL, 

(e)  Using  different  liquid  fills. 

2.  What  apray  deposit  characteristics  could  be  obtained  with  these 

systems? 

'a)  Mass  median  diameters  for  various  conditions  above, 

(b)  Plots  of  deposit  of  selected  flights. 

3.  What  percentage  of  the  various  materials  sprayed  by  these 
systems  could  be  recovered  as  measurable  ground  deposit?. 

Appendix  E  presents  some  details  of  the  preliminary  planning 
for  these  tests. 


Dlagr«a  of  Oiixealnac ion 


IL— BSema 

Ths  aerial  apray  equipment  was  flown  over  the  apray  templing  (ltd 
eatabllahad  for  thla  purpoaa  the  pravloua  year1'*  at  Eglln  Air  Force 
>ait,  Racausa  a  capability  for  aiming  the  apray  la  desired,  flights 
were  mads  inwlnd  to  obtain  mast  deposit  Information  and  related  effective 
swath  widths.  Crosswind  flights  wera  flown  Intentionally  for  the 
primary  purpose  of  obtaining  Information  on  mass  median  dluuetcr.  The 
method  for  thla  droplet  site  determination  has  been  described  elsewhere* 
end  calls  for  finding  the  largest  qualifying  droplet.  On  croarwlnd 
spray  flights  the  smaller  droplets  are  carried  farther  dowrjwind  than 
large  dropleta.  Thla  separation  maces  It  much  simpler  to  find  the 
single  largest  qualifying  droplet. 

For  all  stass  deposit  taat  Information,  Du  Pont  01?  Red  Dye  was  used 
in  known  concentrations  In  the  liquid  sprays.  After  sprsy  releases,  metal 
sample  places  <6  by  6  Inches)  were  collected  after  an  interval  of  ten 
minutes  that  allowed  the  spray  to  settle.  They  were  kept  In  aerial  order 
in  light-tight  boxes  until  they  were  delivered  to  the  laboratory,  where 
they  were  separately  washed  with  acetone;  the  washings  were  then  collected 
In  a  volumetric  flask  and  brought  to  volume.  The  density  of  dye  wet 
measured  apectrophotosctrically  and  converted  Into  gallons  per  acre 
deposited  per  sampling  atggiom.  Appendix  F  contains  details  of  methods 
and  techniques  far  these  trials. 

All  ’Unwind"  flights  were  directed  over  the  sampling  grid  at  right 
angles  to  the  aaapllng  line  most  nearly  normal  to  the  prevailing  wind 
direction.  Aftei  the  fiasa  deposit  curves  had  been  drawn.  It  was  possible 
to  select  and  examine  the  data  of  those  flights  that  were  moat  nearly 
Inwlnd  (Appendix  A). 
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A.  DISPERSION  PROBLEMS 

Where  MKD's  of  delivered  spray  are  300  micron'*  or  larger  and  the  spray 
is  released  invlnd  under  Inversion  condition*,  the  large  droplets  are 
deposited  first  and  swat  directly  beneath  the  flight  line  of  the  aircraft. 
Smaller  droplets  tend  Co  be  dispersed  laterally  to  a  greater  distance. 

Thus,  where  wing  booeis  only  are  operated  on  attempted  Inwind  flights  with 
the  C-123,  there  is  a  minimal  altitude  below  which  the  released  sprays 
do  not  serge  beneath  the  fuselage  prior  to  deposit,  at  leost  not  in 
biologically  seanlngfut  quantities. 

Depending  on  the  type  of  aircraft  (heavy  or  light,  single  or  multi- 
engine,  fixed  or  rotary  wing)  and  the  air  turbulence  caused  by  its  passage 
through  the  air,  a  spray  released  near  or  under  its  fuselage  nay  be  heavily 
deposited  directly  downwaid  with  relatively  little  lateral  displacement, 
particularly  under  relatively  still  atmospheric  conditions. 

Efforts  were  made  in  the  1962  trials  to  prevent  undue  influence  on  the 
distribution  of  spray  deposit  by  the  turbulence  caused  by  the  wlngtip 
vortices  of  the  aircraft.  However,  aerial  photography  in  these  calibra¬ 
tion  trial*  revealed  classical  examples  of  the  major  effect  of  these 
vortices  even  though  the  same  nozzle  placement  was  used.  It  is  concluded 
that  under  the  conditions  of  spray  releaae  obtained,  particularly  in  regard 
to  the  altitude,  airspeed,  weight,  spray  boom  configurations,  wingspan,  and 
aerodynamics  of  the  spray  aircraft,  the  Influence  of  the  wlngtip  vortices 
plays  a  major  part  in  the  lateral  distribution  of  spray  deposit  and 
should  ho  exploited  instead  of  attempting  to  cancel  or  avoid  its  effect 
on  invlnd  flights. 

Where  the  peaking  cf  sprav  deposit  is  quite  high,  it  may  be  desirable 
in  practice  to  use  landing  flaps  on  the  C-123  while  spraying  to  create 
greater  air  turbulence  and  so  reduce  the  peaks  of  spray  deposit.  Under 
these  conditions,  care  should  be  taken  not  to  contaminate  the  aircraft; 
the  degree  of  use  of  the  flaps  should  he  adjusted  -.ccord i ng Iv .  Another 
possibility  would  be  to  flv  two  planes  in  line  so  that  a  non-spraying 
plane  vogld  create  air  turbulence  for  the  spray  released  by  a  plane 
following  slightly  above  and  some  distance  behind  it. 

Most  Information  on  aerial  spravs  for  agricultural  purposes  reported 
in  the  literature  pertains  to  insect  or  plant  disease  control.  Principles 
developed  for  these  purposes,  in  many  instances  plant. ed  for  direct  benefit 
to  the  firmer,  do  not  necessarily  apply  to  the  use  of  various  military 
aircraft  isually  operating  at  greater  altitudes  and  airspeeds.  For  example, 
an  altitude  for  military  spraying  is  not  likely  to  he  less  than  50  feet 
and  may  he  Ik  to  3  or  more  times  this  height,  whereas  for  many  agricultural 
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purposes  a  50-foot  altitude  is,  under  most  circumstances,  an  upper 
limit.  Exceptions  can  be  cited,  of  course,  but  In  general  the  foregoing 
applies.  For  agricultural  applications  altitudes  of  one  to  ten  feet 
above  a  crop  are  not  unenoseon. 

An  aerial  system  considered  most  efficient  for  releasing  liquid 
spray  for  a  deposit  of  1%  gallons  per  acre  is  not  necessarily  the  moct 
efficient  for  a  release  to  obtain  a  deposit  of  throe  gallons  per  acre. 

Using  a  system  that  provides  1%  gallons  per  acre  and  spraying  the  same 
area  tvlcc  will  provide  better  coverage  for  biological  purposes. 

However,  military  requirement*  may  Indicate  a  single  pass  aa  essential. 

Alternatives  available  include: 

(a)  Spraying  the  area  in  one  paas  with  one  aircraft  at  three 
gallons  per  acre. 

(b)  Spraying  the  area  In  one  pass  with  *wo  aircraft,  each 
spraying  Ilf  gallons  per  acre. 

(c)  Spraying  the  area  once  at  1%  gallons  per  acre  and  repeating 

the  spray  after  an  interval  of  four  to  tlx  weeks  If  necessary,  thus  allowing 
the  first  spray  to  reach  maximal  effectiveness. 


PER  CFoT  R£C CVEX* 


For  all  selected  flights,  the  percentage  of  spray  recovered  as  deposit 
was  calculated  by  the  formula: 

0.20'  x  ?  x  D  x  I 
per  cent  recovery  •  - - - - — . . 


0.00202  la  a  constant  representing  the  portion  of  an  acre  covered 

in, 1  minute  at  1  mph  with  a  swath  width  of  1  foot.  Multiplied 
by1  100  to  convert  to  percentage,  the  constant  becomes  0.202. 

S  ■  speed  of  aircraft  lr>  miles  per  hour 

D  ■  lotl^l  deposit  collected  on  sample  line  in  terms  of  gallons 

per  acre 

I  »  Interval  of  sample  stations  in  feet 


F  ■  flow  rate  of  spray  in  gallons  per  minute 
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This  formula  can  be  developed  at  follows: 


per  cent  recovery 


Amount  recovered  In  0.5-ft  ntrij? 
Amount  del  IverecTTiTlO^TTirt rTp 


1.  Amount  Recovered  In  0.5-Foot  Strip 


100 


The  proportion  of  an  acre  represented  on  a  sample  card  « 

«q.  ft,  on  card  .  0,25 

sq.  ff.  In  acre  43,560 


in  gollor.c,  or.  o  given  Ik  can!  - 


where  ena^  •  Rallon*  per  acre  estimated  from  l-th  card 


Assume  that: 


(a)  The  l-th  sample  card  represents  the  midpoint  of  an  area, 
(b)  A  uniform  deposit  Is  obtained  over  this  area. 


Then  thr  estimated  gallons  In  a  section  of  a  0.5-foot  strip 
represented  by  the  l-th  sample  card  is  the  ratio  of  the  area  (0.5  ft  >.  I) 
to  the  square  feet  in  the  sample  card  multiplied  by  the  amount  deposited 
on  the  l-th  card,  or  , 


0.5  ft  x  l' 

— 03  1 


0.25 

43,300 


I  1 
Rpai1 


which  reduces  to 


0.00001  14  7842  x  I  x  gpat 

Hie  total  estlm.it.-  in  gallons  recovered  in  the  0.5-foot  strip 

is  then 

0.00001 147842  x  l  x  D 


where  D  is  the  sum.  in  gallons  per  acre,  of  ill  sample  cards. 


2.  Amount  Delivered  in  0.5-Foot  Strip 

The  number  of  feet  traveled  by  the  aircraft  In  one  mlnuce  » 


where  S  la  the  speed  of  the  aircraft  In  miles  per  hour. 

Then  the  number  of  minutes  required  to  travel  0.5  foot  » 

J> .  SLOOJtMiaz 

88  x  8  S 

And  the  number  of  gallons  delivered  in  0.5  foot  « 


where  F  is  the  flow  rate  of  spray  in  gallons  per  minute. 
3.  Per  Cent  Recovery 


Per  cent  recovery  is  then 


Considerable  variation  occurs  in  the  individual  per  cent  recovc 
obtained.  Factors  contributing  to  this  variation  are  a  summation  of  er 
in  determining  the  gallonage  per  acre,  the  efficiency  of  the  spray  coll 
tlona  on  the  meial  plates,  the  spacing  of  the  sappling  ctations  (in  thi 
case  representing  only  a  2V  Pcr  cent  sample),  and  air  turbulence  that 
causes  the  spray  to  fold  back  on  itself  so  that  th.  lampling  plates  may 
receive  a  oouble  exposure.  The  latter  instance  plu*  underestimating  F 
overestimating  S,  could  cause  "recoveries"  greater  than  Ilk)  per  cent. 
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C.  EmCIDKY  07  DEPOSIT 

In  cn  effort  to  arrive  at  a  means  to  equate  apray  release#  and 
resulting  depoait  curves  to  a  or.*  efficiency  factor,  the  folloving  ; 
was  adopted.  Refer  to  a  bipedal  deposit  curve: 


where: 

At  represents  the  effective  single  swath  width 
GK  represent*  effective  swath  where  nultiple  swaths  are  flovn 
BE  represents  the  deeired  deposit  level 
C  and  D  represent  deposit  peaks. 

The  amount  of  deposit  above  the  line  BE  should  be  minimised  to 
efficiency  of  spray  deposit.  Areas  under  the  curve  to  the  left  of  , 
and  to  the  right  of  EF  can  he  considered  inefficient  utilisation  of 
only  if  single  swaths  are  contemplated  operationally.  Uhere  multlp’ 
spray  swaths  arc  laid  down,  a  wider  spacing  of  flight  lines  (GK)  cai 
use  of  the  deposit  in  these  areas. 

1.  Calculations  of  Deposit 

Calculations  of  the  eff<ciency  of  deposit  were  based  cn  a  si 
swath,  considering  both  peaks  and  tails  of  the  curves  as  areas  of  wi 
Also  incljded  as  waste  were  losses  encountered  between  spray  releass 


■A 


deposit.  Eighty  per  cent  of  the  deelred  deposit  level  v, 
acceptable,  particularly  In  the  central  low  portion  of  tl 
practice,  there  la  uaually  a  tendency  for  flight  headlngi 
off  of  invlnd  end  aa  a  result  the  central  low  portion  of 
curve  ta  filled  somewhat  with  the  finer  drcplets  from  thi 
the  aprey  swath. 


Per  cent  efficiency  was  calculated  at 


Effective  amount  recovered  In  0.5-ft  atrip 
-  tooo n t'a* R'«r eH' in" O'- It  atrip 


Per  cent  efficiency  -  £JL2LA i-S-l-25-J 

P 


where 

n 

K  - 

1-1 

The  quantity  la  defined  for  the  1-th  atatlon  aa  an  "ef 
and  takes  the  following  valuea  according  to  the  value  of 
acre,  gps,  per  atatlon,  where  P  la  the  desired  deposit  le 

when  gpsj  '  P,  ej  »  P 

when  0.80P  _  gpa^  -  P,  et  -  gpa^ 

when  gpa^  v  0.80P  ej  «  0 

Data  on  multiple  Inwind  or  crossvlnd  swaths  were  I 
However,  under  these  conditions  the  deposit  represented  ti 
of  the  curves  would  be  additive  If  appropriate  spacing  of 
was  achieved,  so  that  these  deposits  would  not  be  consldei 
Therefore,  the  efficiency  of  deposit  would  be  expected  to 
statistical  analysis  of  the  factors  affecting  efficiency  < 
Included  as  Appendix  D. 

2.  Theories  of  Deposit 

According  to  Potts, R  dissemination  of  an  aeroaol  t 
composed  wholly  of  300-mlcron  particles  would  result  in  41 
square  Inch.  He  does  not  define  the  charac (eristics  of  tl 
Seller  coverage  could  be  achieved  with  200-mlcron  particle 
per  square  Inch)  or  100-micron  particles  (1)64  droplets  pe 
Tabic  I  show*  coverages,  times,  and  drift  distances  ealeu] 
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theoretical  principles  of  spray  deposition.  These  are,  of  course,  ideals 
cnly.  It  is  impossible  in  practice  to  disseminate  an  aerosol  composed 
exclusively  of  particles  of  one  diameter.  Because  of  meteorological 
conditions  and  equipment  limitations,  it  is  equally  impossible  to  achieve 
precisely  uniform  coverage. 


TABLE  I.  SOME  PBINCIPLE5  OF  SPRAY  DEPOSITION 


Size  and  number  of  droplets  deposited  per  square  inch  by  distributing  one 
gallon  of  liquid  uniformly  over  i  surface  of  one  acre 


Actual  Diameter, 
microns 

50 

100 

200 

300 

400 

500 


Number  of  Droplets 
Per  Square  Inch 

9,224 

1,164 

142 

43 

18 

9 


The  time  requited  for  droplats  of  various  sizes  with  a  specific  gravity 
of  1.0  to  fall  50  feet  in  still  air  at  70*F 


Diameter, 

microns 


Time  to  Fell 

_ jo  Ire  t 


200 

100 

50 


13  seconds 
51  seconds 
3.4  minutes 


The  distances  that  a  droplet  100  microns  In  diameter  with  a  specific  grav¬ 
ity  of  1.0  will  drift  while  falling  50  feet  in  air  moving  parallel  to  the 
ground 

Wind  Velocity.  Drift  Distance. 

■1 Ics  per  hour  feet 


87 
175 
265 
348 
4  35 
7b5 


1 

2 

3 

4 

5 

10 


For  practical  purposes  a  50-micron  droplet  may  drift  about  four  times 
and  a  200-micron  oropUt  about  one-fourth  of  these  distances. 
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IV.  CONCLUSIONS  AW  BfCOr^mATIOHS 


A.  C0KCLUSI0K3 

The  spray  calibration  data  obtained  In  theae  and  in  the  1962  trials 
at  Eglin  Air  Force  Base  are  unique  In  that  the  apray  releases  were 
made  Inwind  and  crossvlnd  at  greater  altitudes,  flow  rates,  airspeeds, 
and  droplet  sixes  not  tested  previously  for  dispersing  herbicides  for 
military  purposes. 

These  data  are,  to  the  writers'  ksnvl»H;»(  the  cost  extensive 
of  their  kind  ever  accumulated.  For  the  fullest  contribution  possible 
to  the  advancement  of  knowledge  in  this  relatively  unique  field, 
theae  data  should  be  extensively  examined  by  an  operations  research 
group  capable  of  discovering  principles  applicable  to  the  art  and 
statistical  tools  useful  In  their  evaluation. 

Currently  it  is  estimated  that  of  the  liquid  spray  released  50 
per  cent  or  less  Is  likely  to  be  utilised  efficiently. 

I.  C-123/HC-1 

From  the  performance  data  of  the  C-123/2E-1  (aircraft  56-4386) 
research  configuration,  it  is  concluded  that: 

(a)  A  reliable  flow  meter  is  essential  for  testing  a 

system  for  operations  and  desirable  for  Inclusion  In  operational  situations. 

(b)  A  deposit  of  three  gallons  per  acre  can  be  obtained 
with  any  of  three  liquids  sprayed  on  a  single  lnwind  pats  at  150  feet 
and  150  miles  per  hour;  however,  peaks  of  deposit  occur  on  inwind 
flights  that  exceed  10  gallons  per  acre  in  tore  cases. 

(c)  At  high  flow  rates  the  spray  from  the  tall  boow  tends 
cc  fill  In  the  valley  or  trough  of  a  normally  blmodal  deposit  curve  and 
generally  causes  a  central  deposit  peak. 

(d)  Deposit  peaking  in  these  tests  could  have  been  caused 
In  part  by  relatively  large  particle  sires  In  sprays  (about  350  micron 
Jtffl's  and  larger),  particularly  on  lnwind  flights  where  high  flow  rates 
were  tested. 


(c)  Two  20-horsepower  gssoline  engine  certrlfugal  pump 
combinations  are  not  required  for  one  1000-gal'on  tank  spraying  Purple 
at  a  rate  of  l'i  gallons  per  sere.  However,  one  of  these  engine-pump 
combinations  would  be  a  destrab  c  replacement  for  the  original  10- 
horsepower  unit  currently  In  use  on  Modification  1,  because  the  latter 
unit  must  be  operated  «t  full  throttle  to  provide  sufficient  flow  of 
Purple  for  a  1^-gallon  deposit  per  acre. 
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(f)  Two  20-honepover  gasoline  engine  pump  combinations  are 
required  for  each  1000-gallon  tank  to  tpray  Purple  code  material,  a  2:1 
■lx  of  fuel  oil  and  Purple,  or  fuel  oil  at  a  rate  sufficient  for  a  deposit 
of  three  gallons  per  acre. 

(g)  Booms  of  three-inch  diameter  are  not  required,  liquid 
surging  In  them  caused  the  check  valves  to  malfunction.  This  condition 
was  corrected  by  installing  booms  1^  inches  in  diameter. 

(h)  Two  gallons  per  sere  of  Purple  is  the  maximum  practical 
deposit  to  be  obtained  on  Inwind  flights  where  1%- Inch-diameter  wing  booms 
only  are  functioned  and  the  flow  rale  Is  of  the  order  of  430  Ballons  per 
minute  using  both  piraps.  Under  these  conditions  the  recovery  of  spray 
released  could  be  expected  to  be  80  to  100  per  cent  In  an  effective  swath 
of  about  240  feet.  Where  all  three  booms  asy  be  functioned  a  deposit  of 
three  gallons  psr  acre  could  be  expected  for  the  same  swath,  and  at  abput 
the  some  per  cent  recovery. 


(1)  Where  only  one  pump  is  used  for  spraying  Purple  at  a 
rate  of  280  gallons  per  minute  through  98  one- feu  re  h-  inch  check  valves 
using  1^- Inch-diameter  wing  boomo  in  an  attempt  to  obtain  a  deposit  of 
1^  gallons  per  acre,  an  MKD  of  about  400  microns,  93  per  cent  recovery 
of  spray,  and  an  lnvind  swath  of  about  300  feet  can  be  expected. 

Functioning  all  booms  and  using  110  check  valves  for  spraying  can  be 
expected  to  provide  about  the  same  flow  rate,  swath,  and  per  cent  recovery. 

2.  H- 34/HXDAL 

In  regard  to  the  H-34/HIDJU.  modified  system.  It  is  concluded 

that: 

(a)  The  functioning  reliability  of  the  system  Is  Improved 

as  modified. 


(b)  The  modified  unit  can  provide  an  f#©  of  345  microns  in 
swaths  of  Purple  spray  of  190,  160,  and  150  feet  at  deposits  of  0.5,  1.0, 
and  1.5  gallons  per  acre,  respectively,  when  flown  inwind  at  55  knots  at  an 
altitude  of  H)0  feet  using  60  norrlr  rips  No.  8015. 

(c)  The  unit  can  be  flown  at  75  knots  and  at  75  feet  altitude 
[otherwise  as  In  (b)  above]  to  obtain  an  WO  of  about  300  microns  In  Purple 
spray  In  swaths  of  180,  150,  and  120  feet  at  deposits  of  0.5,  1.0,  and  1.5 
gallons  per  acre,  reipectlvely. 


(d)  Functioning  the  system  without  nurrlr 
check  valves  only)  tends  to  increase  particle  ftfO  and 
swath  width. 


tips  {using  the 
slightly  diminish 


3.  General  Conclusions 


For  truly  lnvind  spray  flights  or  for  spray  flights  conducted 
under  wholly  quiescent  conditions,  spray  deposit  curves  general !v  will 
have  a  maximum  of  peaking.  As  HMD's  of  the  spray  increase,  the  peaking 
Is  intensified. 

Ideal  conditions  for  spray  release  aie  store  likely  to  be 
the  exception  than  the  rule.  Factors  contributing  to  a  high  degree 
of  spray  aiaabllity  do  not  generally  Increase  efficiency  of  apr.iv 
deposit. 


Where  spray  alaability  is  an  overriding  factor  this  can 
best  he  satisfied  by  lrrwlnd  spray  releases. 

Where  spray  coverage  of  large  areas  is  sought,  crosswind 
releases  are  .ndlcated. 


B.  MCOJeGWATICNS 

1.  C-123/KC-1 

For  the  C-123/WC-i  syatea  it  is  recqsaiended  that: 

(a)  Reliable  flow  meters  with  capacities  of  about  500 
gallons  per  minute  be  installed. 

(b)  Wing  bocas  1%|  Inches  in  diameter  be  continued  In  use. 

(c)  Necessary  valves  and  piping  be  installed  on  all  C-123/MC-1 
systems  to  enable  ita  engine  and  purap  to  load  the  1000-gallon  tank. 

(d)  If  the  current  requirements —  a  three-ga 1 lon-per-acrc 
deposit  delivered  In  a  single  pass—  are  continued,  then  on  invisid 
flights,  a  swath  of  240  feet  and  a  flow  rate  of  about  430  gallons 

per  minute  should  be  used  for  Purple  spray  for  flights  at  130  knots 
ami  at  a  150-foot  altitude  of  release.  Deal  engine- pump  combinations 
and  a  tall  boc®  would  bo  required. 

(e)  If  two  separate  passes  are  to  be  used,  spraying  IV 
gallons  per  acre  on  each  pass,  then  under  the  conditions  of  (d)  above, 
a  swath  of  300  feet  and  a  flow  rate  of  about  260  gallons  per  minute 
shrald  be  used.  For  military  or  operational  reasons  these  two  passes 
need  net  be  sadc  on  the  tame  mission.  If  a  second  iV-gallon  dose  la 
necessary,  a  single  separate  pass  at  a  later  date  (as  much  as  four 

to  six  weeks  later)  will  be  at  least  as  efficient  and  more  desirable 
operat Iona  1 ly. 


(f)  A  single  20-horsepower  gasoline  engine  and  pump  combination 
should  replace  the  original  10-horsepower  units  in  Modification  1  only  as 
replacements  are  needed. 

(g)  The  C-123/MC-1  Modification  1  be  continued  in  use. 

2.  H-3VHIDAL 

For  the  H-34/HIUAL  system  It  is  recommended  that: 

(a)  The  modification  as  tested  be  .'*>cnrporated  into  all  HIDAL 
systems  used  for  spraying  herbiclda)  materials. 

(b)  This  H1DAL  system  as  modified  be  known  as  HIDAL- 70  (for 
70  gallons  per  tainute  flow  rate). 

(c)  That  flight  conditions  be  selected  from  those  found  In 
Conclusions,  Section  IV.  A,  2. 

(d)  That  at  least  60  noarle  stations  be  utilised  with  nn><!» 
tips  no  smaller  than  No.  8010  to  prevent  undue  back  pressure  on  the 
electrically  driven  positive-displacement  pump. 

(c)  That  request!  for  specifications  and  or  drawlngB  of  the 
HIDAL-70  be  addressed  to  O&R,  Naval  Air  Station,  Jacksonville,  Florida. 


(f)  A  single  20-hot sepower  gasoline  engine  and  pump  combination 
replace  the  original  10-horsepover  units  In  Modification  1  only  as 
moncs  are  needed. 

(g)  The  C-123/MC-1  Modification  1  be  continued  In  u*e. 
H-34/HIDAL 

For  the  H-34/HIDAL  system  It  Is  recommended  that: 

(a)  The  modification  as  tested  be  Incorporated  Into  all  HIDAL 
used  fot  spraying  herblcldal  materials. 

(b)  This  HIDAL  system  as  modified  be  known  as  HIDAL- 70  (for 
ons  per  minute  flow  rate). 

(c)  That  flight  conditions  be  selected  from  those  found  in 
Ions.  Section  IV.  A,  2. 

(d)  Th->t  at  least  60  noazle  ststlons  he  utilised  with  rvejyln 
smaller  than  No.  8010  to  prevent  undue  back  pressure  on  the 

c.illv  driven  pos  1 1  Ivc-dlsp  lscement  pump. 

(e)  That  requests  for  specifications  and  or  drawings  of  the 
)  be  addressed  to  0&R,  Naval  Air  Station,  Jacksonville,  Florida. 
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C-123/2C-1 

Flight*  Selected  for  Further  Ev*lu*tion  of 


Date 

■■ 

loom 

Slit 

1961 

D*poait 

At  tenptcd,  |pi 

l*  Jut 

5 

i 

VT 

1.3 

1.5 

20  Jut 

6 

t 

VT 

1.3 

1.3 

19  Jul 

6 

l 

¥T 

1.3 

1.3 

1*  Jut 

3 

i 

VT 

1.5 

3 

1*  Jut 

6 

1 

VT 

1.5 

3 

1»  Jut 

1 

i 

VT 

1.3 

3 

12  Hay 

t 

1 

VT 

) 

1.5 

U  Nay 

2 

1 

3 

3 

1*  Nay 

3 

l 

VT 

1 

3 

19 

5 

1 

J 

3 

21  Nay 

1 

1 

VT 

3 

1 

22  Hay 

3 

1 

vr 

3 

3 

12  Nay 

1 

1 

Vf 

3 

3 

1<1  Nay 

l 

i 

VT 

3 

3 

19  Hay 

2 

1 

VT 

3 

3 

20  Nay 

1 

1 

VT 

3 

1 

21  Nay 

2 

1 

VT 

3 

3 

?2  M-y 

1 

1 

VT 

3 

3 

??  H«y 

2 

1 

VT 

\ 

1 

14  Ha  v 

1 

1 

VT 

1 

1 

1  '  N.V 

2 

1 

VT 

3 

j 

I '  Ha  v 

3 

1 

VT 

3 

3 

:i  Hiv 

1 

1 

VT 

1 

3 

2  i  H*v 

1 

VT 

1 

3 

:  i  h* 

N 

1 

VT 

J 

3 

I*  111} 

ft 

1 

V 

1.3 

1.3 

.0  ft,l 

ft 

1 

V 

1.3 

1.3 

:o 

3 

1 

V 

1.3 

1.3 

i-  ini 

3 

1 

V 

1.3 

3 
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As  t* 

ms 

rutkt 

U*»U 

|OCM 

ioow 

«u« 

D#  posit 

19  jyl 

7 

t 

V 

1.1 

J 

20  Jul 

7 

I 

w 

1.5 

) 

21  Hay 

l 

t 

V 

} 

1.5 

24  fey 

i 

1 

V 

} 

1.5 

24  Ha  7 

] 

1 

V 

I 

1.5 

24  Nay 

t 

1 

V 

1 

1.5 

22  fey 

l 

1 

V 

1 

1.5 

22  fey 

4 

1 

V 

1 

3 

15  Hay 

1 

1 

V 

1 

1 

22  May 

5 

1 

V 

1 

3 

1/  Jul 

7 

1ft 

1.3 

1.5 

4  Jul 

J 

2 

vr 

1.1 

3 

4  Jul 

4 

2 

WT 

1.1 

4  Jul 

1 

2 

ITT 

1.1 

3 

17  Jul 

i 

2 

VT 

1.1 

J 

17  Jul 

4 

2 

VT 

1.1 

3 

4  Jul 

2 

2 

V 

1.1 

1.5 

17  Jul 

] 

2 

V 

1.1 

3 

4  Jul 

2 

2 

V 

1  1 

3 

6  Jul 

2 

2 

w 

1.1 

J 

4  Jul 

1 

2 

V 

1.1 

3 

r  Jul 

1 

1 

VT 

!.} 

3 

13  Jul 

4 

) 

VT 

1 

3 

ft  Jul 

1 

7 

VT 

J 

3 

n  ini 

2 

} 

VT 

J 

1 

23  Tul 

2 

} 

V 

1.1 

3 

11  Jul 

1 

1 

V 

) 

a.  Altltud#  ISO  f«tt. 

Air«p*#d  rrqu*at#d  I  JO  knot  a. 
ft.  I  •  Turpi#  Cod#  MCvrUl, 

2  ■  1  pa  rt  Furplc,  2  parts  (mI  oil. 
J  •  Fu# I  oil. 
c.  VT  -  Alt  boo*. 

V  •  air.*  iocw . 

T  ■  Tall  bocma , 


. 1 
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H-34/IIIDAL 

Flight*  Selected  for  Con* 1 dera 1 1  on  of  Do ta 


F"-  ,'■* 


Date 

1963 

Flight 

.  Altitude,^ 

Liquid—  feet 

Airspeed,-^ 

knots 

No« 

Type 

16  Jul 

A 

i 

50 

55 

8015 

16  Jul 

7 

i 

50 

55 

8015 

13  Jul 

5 

i 

50 

55 

c.v. 

13  Jul 

6 

i 

50 

55 

c.v 

13  Jul 

J 

i 

50 

75 

c.v. 

13  Jul 

9 

i 

50 

75 

c.v. 

12  Jul 

5 

i 

75 

55 

8015 

16  Jul 

15 

i 

75 

55 

8015 

12  Jul 

6 

i 

75 

5b 

801  > 

16  Jul 

16 

i 

75 

55 

8015 

12  lul 

10 

i 

75 

55 

c.v. 

13  Jul 

13 

i 

75 

55 

c.v. 

13  Jul 

14 

i 

75 

55 

c.v. 

16  Jul 

13 

i 

75 

75 

8015 

16  Jul 

14 

i 

75 

75 

8015 

12  Jul 

7 

i 

7S 

75 

8015 

12  Jul 

8 

i 

75 

75 

8015 

12  Jul 

ii 

1 

7$ 

75 

C.V. 

IJ  Jul 

10 

1 

74 

75 

c.v. 

13  Jul 

11 

l 

75 

7  5 

c.v. 

1  3  Jul 

16 

1 

75 

75 

c.v. 

l)  Jul 

u 

1 

7b 

75 

c.v. 

13  ful 

12 

1 

7  3 

75 

c.v. 

n  .fui 

n 

1 

7b 

74 

c.v. 

16  fill 

6 

1 

100 

55 

8015 

1*  Jul 

11 

1 

100 

75 

8015 

16  Jill 

i: 

1 

100 

75 

0015 

!  «  *ul 

i: 

i 

It  HI 

75 

C.V. 

Data 

1963 

Altttud.,^ 

Plight  Liquid*'  feet 

Airapa.d,-^ 

knot. 

Koaal*^ 

Typ« 

13  Jul 

18  1 

too 

73 

C.V. 

7  Jul 

«  2 

30 

33 

8010 

7  Jul 

S  2 

30 

33 

8010 

7  Jul 

13  2 

30 

33 

8015 

•  Jul 

3  2 

SO 

73 

8015 

•  Jul 

«  2 

30 

73 

8015 

2  Jul 

12  2 

SO 

73 

C.V. 

•  Jul 

14  2 

30 

73 

C.V. 

2  Jul 

11  2 

30 

73 

C.V. 

7  Jul 

3  2 

73 

S3 

8010 

2  Jul 

3  2 

73 

53 

8010 

3  Jul 

3  2 

75 

33 

8013 

3  Jul 

4  2 

73 

35 

8013 

■  Jul 

9  2 

75 

35 

8015 

8  Jul 

10  2 

75 

35 

8013 

8  Jul 

11  2 

75 

55 

C.V. 

8  Jul 

12  2 

75 

35 

C.V. 

7  Jul 

7  2 

75 

73 

8015 

8  Jul 

4  2 

75 

75 

8013 

2  Jul 

7  2 

75 

r 

C.V. 

2  Jul 

1  2 

100 

55 

8010 

5  Jul 

1  2 

100 

55 

8013 

5  Jul 

S  2 

ICO 

73 

8015 

5  Jul 

6  2 

100 

75 

8015 

a.  1  - 
2  - 

Purple. 

1  part  Purple,  2  parts 

furl  oil. 

3  ■»  ?uel  oil. 

b.  Altitude.  requealcd. 

Alrtpeed  requ.ated. 

c.  C.V,  ■  1/8-lnch  chock  valv.  with  no  noaal.  tip. 

8010  •  1/8-lnch  chock  valve  with  Spraying  Sy*tea.  flat  noaalc  tip 
(rated  l.n  CM). 

SOI?  »  i/8-ineh  chock  valve  with  Spraying  Sytteaa  flat  nc«al«  tip 
(rated  1.5  CFN). 


Airspeed  requested  st  1)0  krots  (ISO  «ph) 
Altitudes  requested  at  ISO  feet, 
t  •  Purple  code  Material. 

*  “  1  p«rt  Purple,  2  parts  fuel  oil. 


on-on  oi-o*i  oz-ot:  w:  not 


3i 


so-*o 


]  •  I  fsrt  IfnrpU,  i  part*  foal  all. 

I  "  Foal  alt. 

C.tf.  m  Wt-iaeh  ctiach  valvt  with  ua  Botilf  tl|. 

•010  •  I'MKh  cfcath  valva  wl-.h  Jarajla,  Syataai  flat  pattit  tip  (rata*  1.0  Cl 
WU  •  I'O—.act)  ctxck  aalva  ol-.ti  Ipi-aylng  lyilm  flat  mala  tip  (rat ad  I.J  Cl 
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Date 

1963 

Flight 

Altituda, 

Liquid^  ft 

Alrspee 

knot! 

d, 

Tyi« 

HMD, 
aicror  a 

7  Jul 

16 

2 

50 

5'* 

0015 

289 

8  Jul 

3 

2 

75 

75 

8015 

237 

6 

2 

JO 

75 

8015 

218 

10 

2 

75 

55 

8015 

282 

12 

2 

75 

55 

c.v. 

418 

13 

2 

50 

7  s 

c.v. 

2S5 

12  Jul 

i 

i 

*  100 

75 

|,'  8015 

118 

5 

1 

75 

55 

8015 

379 

8 

1 

75 

75 

8015 

312 

a 

l 

75 

75 

C.V. 

448 

14 

i 

75 

55 

C.V. 

461 

IJ  Jvl 

2 

i 

75 

75 

C.V, 

42<> 

4 

i 

50 

7b 

C.V. 

4  74 

6 

I 

50 

55 

C.V. 

487 

u 

1 

75 

75 

C.V. 

448 

n 

l 

75 

55 

C.V. 

415 

f 

17 

1 

100 

75 

C.V. 

460 

16  Jul 

1 

l 

75 

5> 

8015 

448 

4 

l 

75 

7b 

8015 

312 

S 

1 

100 

55 

|  0015 

364 

8 

1 

50 

55 

I  ;  8015 

164 

9 

l 

50 

7b 

aoib 

118 

11 

l 

100 

?s 

801b 

331 

nrple  ccdr  material. 

I>«»tt  Fuiple,  I  part*  fuel  oil. 

•i.  l  rtl. 

•  I /M- inch  check  vu’.ve  with  no  notalr  tip, 

•  l/fl-lnch  check  valve  with  Spravlng  Svateau  flat  nrailr  tip  (rated  1.0  OFM), 

•  l/8-1nch  check  valve  with  ^priying  Syr.tetaa  flat  nottlc  tip  (ratrd  |,N  CFM). 
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Prepared  for 
Crop*  D1  viilon 


4  May  1964 


Blos*ath«eat les  Division 
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Analysis  6325 
4  Kay  1964 
gey 


FACTORS  AFFECT  INC  PER  CENT  RECOVERY  AND  PER  CENT  EFFICIENCY  FOR 
SELECTED  ARFA  SPRAY  CALIBRATION  TRIALS 


PROBLEM:  To  detanslne  th«  effect  of  various  factora  on  per  cent 

recovery  and  per  cent  efficiency  for  ejected  flighta  of 
the  HIDA7.  and  C-123  systems. 

ANALYZED  BY:  Harlan  W.  Jones  and  Dr.  Cordon  L.  Jessup,  Jr. 

REQUESTED  BY:  Dr.  Jaawa  W.  Bream,  Cropa  Division 

REFERENCE:  Analyala  6275,  Bioaathetaatlcs  Division,  27  February  1964. 


SUMMARY 


All  flighta  In  the  1963  ARP A  Spray  Calibration  Trial*  were  rated  subjec- 
tlvely  by  the  Invest  igators  using  the  acale  1  through  4.  where  1  repreaenta 
the  beat  patterns  and  4  th«  worat  patterns.  The  per  cent  recovery*  and  per 
cent  efficiency*  of  apraya  Wore  computed  for  all  HIDAL  and  C-123  flights 
that  resulted  In  patterns  rated  as  1,  2  or  3.  These  data  were  exanlned  to 
determine  the  effccta  of  the  vartoua  factors  Involved  In  the  calibration. 

"Liquid"  waa  the  only  factor  that  was  shewn  to  affect  per  cent  recovery 
for  the  HIDAL  system;  "altl*jde,"  "speed,"  "noaale,"  and  "pattern  rating” 
were  also  considered.  The  geometric  scan  per  cent  recovery  with  Purple  wa* 
estimated  as  82  per  cent,  for  "M.'x"  the  estimate  wai  62  per  cent. 

For  a  selected  deposit  of  1.5  gallons  per  acre  (gpa),  only  "Liquid”  was 
shown  to  i  1  f ec t  per  cent  cfflciencv;  significantly  3‘)  per  cent  was  estimated 
for  Purple  and  30  per  cent  for  Mix. 

Per  cent  recovery  for  the  C-123  system  was  significantly  affected  by 
"I, (quid"  and  "Intended  Deposit."  but  not  by  "Booms,"  "Boom  Site,"  or 
"Pattern  Rating,"  Cermetric  mean  per  cent  recoveries  were  estimated  as; 


*  Per  cent  recovery  is  defined  as  the  ratio  of  the  total  amount  deposited  to 
the  amount  of  apray  released,  expressed  as  a  per  cent.  Per  cent  efficiency 
is  the  ratio  of  the  amount  deposited  at  a  given  level  to  the  amount  dis¬ 
seminated.  expressed  as  a  per  cent. 
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Ms” 14  LJLea.  iiS.Jtn 

fur? la,  X  78  94 

Mix  or  Fuai  CHI,  X  60  72 


Kc»e  of  tbi  factors  considered  significantly  affected  par  coat  efficiency 
for  tbs  C-123  system,  Tha  gaczaCr  lc  e*iia  per  cent  efficiency  wan  estliaated 
as  35  par  coat. 


Al. - Ar-:>  r  ','  £ 


All  daposit  petteros  obtained  la  tha  1983  A&9A  Spray  Call brat loa  Trials 
wars  rated  subjectively  by  tha  Investigators  using  the  scale  1  through  4, 
where  1  repress  at  a  the  bast  patterns  and  4  tha  worst  patterns.  For  tha 
aystess  BIS&J.  acd  C-123,  par  cent  recovery  and  per  cent  efficiency  were 
computed  for  each  patters  rated  1,  2  or  3. 


Per  cent  recorsry  la  dsflcad  as  tha  ratio  of  the  total  eraewcst  deposited 
to  tha  escunt  of  spray  rsissstd,  expressed  as  a  psr  cost.  Par  cent  efficiency 
la  tha  ratio  of  tha  asset® t  daposltsd  at  a  given  loyal  to  tha  traat  dlcsscl- 
nated,  ey-praacad  as  a  par  cant.  Xfcsna  ■naeureRsr.ts  war*  cow^aated  by  the 
following  fortsulaa: 


X  recovery 


0.2*2  >9»Btl 

F 


<1> 


wharat  0.00202  Is  s  constant  representing  the  portion  of  an  acre  cowered 
In  1  olnuta  at  l  erh  with  a  swath  width  of  1  foot.  Rultlpllod  by 
100  to  convert  to  percentage*  the  constant  becoaas  0.2*32. 

S  ■  speed  of  aircraft  In  Biles  per  hour 

D  *  total  deposit  cotlacted  on  senpla  lino  In  gallons  par  acre 
l  •  Interval  of  easels  stations  in  feat 
F  •  flow  rate  of  spray  In  gallons  per  winute 

X  efficiency  -  2^22£jL£JL  L?  .5  (2) 

F 

n 

where  i  8  ■  Is^ 
l  -  l 
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The  quantity  e(  la  defined  for  the  i-t!,  sample  station  «•  an  "effec¬ 
tive  deposit,"  and  takes  the  following  values  according  to  the  value 
of  gpa  per  station,  where  P  la  the  desired  deposit  level: 

when  gpa^  >  P,  e^  ■*  P 

when  0.80P  <  gpat  <  P,  r j  gpat 

when  gpa^  <  0.80P,  ■  0 

Estimates  of  these  percentages  are  shewn  in  the  Annex  as  Table  5  for 
HIDAL,  and  Table  6  for  C-123.  It  was  desired  to  know  whether  the  various 
factors  involved  In  the  calibration,  such  as  altitude,  speed,  no-sle,  etc., 
affected  per  cent  recovery  and  per  cent  efficiency. 


II.  ANALYSIS 


A.  METHOD  AND  MODE!. 

Considerable  variation  occurred  In  per  cent  recovery  and  per  cent  effi¬ 
ciency  and,  since  variances  of  per  cenrs  are  usually  correlated  with  (means)  , 
the  logarithmic  transformation  was  used.  Variables  for  analysis  were  there¬ 
fore  "log  X  recovery"  and  "log  I  efficiency." 

A  complete  least  squares  analysis  was  necessary  because  of  the  lack  of 
balance  among  treatment  conditions.  For  instance,  in  the  HIDAL  system,  data 
Include  only  9  flights  st  an  altitude  of  100  feet,  with  29  flight!  at  75 
feet  and  14  flights  at  50  feet.  In  only  5  of  these  flights  wo-o  the  check 
valve  bodies  without  nozzle  tips*  used;  the  8015  and  8010  nozzle  tips  were 
used  In  25  and  22  flights  respectively.  Thus  arithmetic  means  are  comparable 
neither  among  the  altitudes  nor  among  nozzles. 

The  msrheiiui  Ira  1  model  foi  the  general  !>::t  squares  analysis,  assuming 
no  Interactions  .V"ong  treatments,  was: 

vii...l  *  "  +  *1  +  bJ  nk  +  0 1  J  .1 


Tor  thin  oxpression  CV  will  be  used  subsequently. 
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vhere: 


j  •  «n  Individual  "log  per  cent  recovery"  or  "log  per  cent 
efficiency" 

p  »  over-ell  population  mean  when  equal  subclass  frequencies 

exist 

a^  ■  effect  of  the  1-th  level  of  treatment  a  expressed  as  a 
deviation  frcei  p 

bj  ■  effect  of  the  1-th  level  of  treatment  b  expressed  as  a 
deviation  from  p 


■  effect  of  the  k-th  level  of  treatment  n  expressed  as  a 
deviation  from  p 

ell  i  *  random  errors  assumed  normally  and  Independently  distri¬ 
buted  with  wean  0  and  variance  C^. 

From  this  model  sn  over-all  wean,  corrected  for  lack  of  balance  aeons 
treatment  conditions,  and  a  set  of  coefficients  or  constants,  one  for  each 
level  of  each  treatment,  are  obtained.  The  appropriate  constant®  are 
added  to  the  frve'-a  1 1  mean  to  obtain  estimates  of  the  mean  logarithms  for 
any  specified  c o**b  1  na t i ona  of  treatments.  Antilogs  of  these  values  yield 
the  catlcuteJ  geometric  mean  per  cent  recoveries  or  per  cent  efficiencies. 
The  Annex  to  this  snalysts  contains  all  means  computed  In  this  runner. 


B.  HI  DAL  SYSTLM 

Factors  considered  for  the  HID\L  system  vere: 

(a)  Liquid  -  Purple  and  Mix 

(b)  Altitude  -  jO,  75,  and  100  feet 

(c)  Speed  -  55  and  75  knots 

(d)  Nossle  -  8015,  8010,  and  CV 
(p)  Rating  -  I,  7  and  1, 
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In  spltu  of  the  feet  that  no  factor  other  than  Liquid  significantly 
affo-Led  per  cent  recovery,  It  appears  f  t  ora  the  (scans  shove  that  the  com¬ 
bination  of  the  four  controllable  lector*  th*t  would  apparently  give  the 
highest  per  cent  recovery  1*:  Purple,  75  feet  altitude,  75  knot*  speed, 
and  8010  nossle.  Plight*  that  were  «**de  with  thl*  c cab i rva 1 1  on  of  factors 
and  reaulted  In  a  pattern  rated  a*  1  would  likely  have  about  100  per  cent 
recovery  on  the  batia  of  the  current  method  of  computing  per  cent  recovery. 
Appraxlaate  95  per  cent  confidence  limits  were  75  to  140  per  cent  recovery. 
This  treat«j*nt  combination  waa  not  Included  In  the  experiment  a  I  prcgraia, 
therefore  eatlaatea  given  are  purely  theoretical. 

Since  the  factor  of,  aay,  epecd  waa  not.  ah  own  by  the  analyst*  to 
affect  per  cent  recovery  significantly,  it  la  wor t hvhi  1  e  t o  determine  the 
number  of  observations  that  would  be  necessary  to  disclose  a  difference  In 
speeds  of  the  Magnitude  of  the  observed  difference.  At  the  0.05  significance 
level,  with  probability  of  0.8  of  detecting  the  observed  difference  of  7.45 
per  cent  between  speeds,  approximately  60  observat Iocs  at  each  speed  would 
be  required.  Similar  nunbera  of  observations  would  be  required  to  detect 
observed  differences  among  other  factor*. 

2.  Per  Cent  Efficiency 

Only  Liquid  was  shown  In  Table  2  of  the  Annex  to  aignif lcantly 
affect  per  cent  efficiency  at  an  Intended  deposit  level  of  1.5  gallons 
per  acre.  Computed  coefflcienta  and  leaat  aquaree  geometric  oe-sn  per 
cent  efficiencies  were; 


RIDA  I. 

hr  Cent  Sfficiency  -  1.5  gpa 


Lc«»C  Square* 
Ce  {metric 


Factor 

Coefficient 

Mean  %  l f: 

Ova  r-a  1 1  Mean 

1.53813 

34.33 

Liquldr 

furpla 

0.05470 

39.16 

Kiat 

-0.05470 

30.44 

Altitude : 

50  fast 

•0.02641 

32.49 

75  feat 

0.01690 

35.89 

100  faet 

0.00952 

35.29 

Speed: 

55  knots 

-0.01097 

33.66 

75  knots 

0.01097 

35.41 

Moatle: 

8015 

0.07494 

41.03 

8010 

-0.06296 

29.87 

cv 

-0.01199 

33.59 

Sating: 

1 

0.04991 

38.73 

2 

-0.03009 

32.21 

3 

-0.01983 

32.99 

Observed  value*  indicated  that,  with  the  exception  of  ncwsrle,  the 
ssas  cotsblnntlon  of  factor*  that  row  produce  the  greatest  per  cent  recovery 
aight  alao  produce  the  greatest  per  cent  efficiency  when  intended  deposit 
1*  1.5  gallon*  per  acre.  That  la,  Purple,  75  feet  altitude,  75  knoto  speed, 
and  8015  noxale  gave  an  estimated  per  ccr.t  efficiency  of  55  per  cent  with 
95  par  cent  confidence  lialta  of  45  to  70  per  cent  for  deposit  curves  rated 
aa  1. 


C.  C-1IJ  SYSTEM 

Factors  considered  for  the  C-123  system  were: 

(a)  Liquid  -  Purple,  Mix,  and  fuel  Oil 

(b)  Booras  -  All,  or  Wing  only 

(c)  Roc»  Slae  -  1.5  Inches,  3  trvche* 

(d)  Intended  deposit  -  1.5  «nd  3  gallons  per  sere 

(e)  gating  -1,  2  or  3. 
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1.  Per  Cent  Recovery 

The  ena'yai*  of  variance  of  "log  per  cent  recovery"  for  the  C - 1 23 
•ystea  1*  eh own  in  Table  3  of  the  Annex.  Liquid  and  Intended  deposit  were 
shown  to  affect  per  cent  recovery  significantly.  A  higher  per  cent  recovery 
was  shown  with  Purple  than  with  either  Mix  or  Fuel  Oil,  but  no  significant 
difference  was  shown  between  the  latter  two  liquids.  A  higher  per  cent 
recovery  was  obtained  when  the  Intended  deposit  was  3  gallons  per  acre 
than  for  1.5  gallons  per  acre.  Computed  coefficients  and  least  squares 
gecaetrit  aesn  per  cent  recoveries  were: 

C-123 

Per  Cent  Recovery 


lector 

C°?ff<?lent 

Least  Squares 
C«o«et rlc 
Kean  X  Recovery 

Over-ell  Hean 

1.85582 

71.75 

Liquid: 

Purple 

0.02757 

85.78 

Hlx 

-0.00697 

70.61 

Fuel  Oil 

-0.07060 

60.98 

Boose : 

All 

-0.02315 

68.02 

Wing  Only 

0.02315 

75.64 

Boom  Size: 

1.5  inchee 

-0.02674 

67.47 

3.0  inches 

0.02674 

76.31 

Intended  Geposit: 

1.5  gpa 

-0.03908 

65.58 

3.0  gpa 

0.03908 

78.51 

Racing; 

1 

-0.00013 

71.73 

2 

0.01186 

73.74 

3 

-0.01174 

69.84 

Observed  values  Indicate  that  the  combination  of  factors  that  may 
give  rise  to  the  Rreateit  per  cent  recovery  vas  Purple,  wing  booms  only,  3- 
Inch  boom  slse,  and  Intended  deposit  ol  three  gallons  per  acre.  The  least 
squatea  geometric  mean  vas  110  per  cent  for  deposit  curves  from  this  com¬ 
bination  when  the  pattern  was  rated  as  2.  Approximate  95  per  cent  confidence 
limits  were  90  to  130  per  cent. 

2.  Per  Cent  Efficiency 

Table  4  of  the  Annex  shews  the  analysis  of  variance  for  "log  per  cent 
efficiency."  This  analysis  indicates  that  none  of  the  factors  was  shown  to 
affect  per  cent  efficiency  significantly.  Computed  coefficients  end  least 
squares  geometric  mein  per  cent  efficiencies  were: 


C-123 

Per  Cent  Efficiency 


Over-all  Meets 

Coefficient 

Least  Square* 

Ceonetrlc 
Mean  X  Efftcje.ru 

1.342  61 

34.88 

Liquid: 

Purple 

0.03283 

37.62 

Nix 

0.03933 

38.21 

Pual  Oil 

-0.07236 

29.33 

Boon*) 

All 

•0.01351 

33.66 

Vina  Only 

0.01331 

36.13 

Rooa*  Site : 

1.3  inches 

•0.04338 

31.34 

3.0  inches 

0.04338 

38.33 

Intended  Deposit: 

1.5  Rpa 

-0.03557 

32.14 

3.0  tf* 

0.03557 

37.86 

Rating: 

1 

-o.oieoi 

33.47 

2 

0.02303 

36.7* 

3 

-0.00504 

34.48 

Although  not  included  in  the  exparlirantsl  progress,  the  combination 
of  factor!  for  which  ebtservad  value*  indicate  the  greatest  par  cent  effi¬ 
ciency  13*7  be  obtained  were  Mix,  wing  boots*  only,  3-inch  boca  alae,  and 
Intended  deposit  of  three  gallons  per  acre,  for  which  the  leant  *<joare* 
gccontric  mean  per  cent  efficiency  was  30  per  cent  when  the  rating  *t*a  2. 
Apprcsieate  93  per  cent  confidence  licit*  were  35  to  70  per  cent. 


Reviewer*:  Antlyats: 

BERTRAM  V.  HAIKZS,  Chief  MARIAN  W.  JohtS 

Experiment*  1  Deflgn  Branch  Rcaearch  Mathematical  Statistician 


WALTER  D.  POSTER,  Chief 
BloaMtheontica  Division 


CORDON  L.  JESSUP,  JR. 

Research  Mathematical  Statistician 
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MS 
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MS 
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3.25 

MS 
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AmNDIX  E 

r»wTNC  raa  a»?a  sfbay  cmmtro  tfiau* 


The  proposed  ARPA  calibration  trials  ere  In  a  large  measure  e  continua¬ 
tion  of  triala  conducted  at  Eglln  APB,  Florida,  in  June  and  July,  1902. 
There  former  trial*  have  been  recorded  In  the  following  reporta: 

1.  Modification  and  Calibration  of  Defoliation  Equipment  (C-12J  - 
Firat  Modification),  July  1962 

2.  Supplement  to  Modification  and  Calibration  of  Defoliation  Equip¬ 
ment  (C-123  -  Firat  Modification),  July  1962 

3.  Spray  Teat  Calibration  of  the  HIDAi.  (HUS- 1  or  H-V-O,  July  1962 
(along  with  authority,  la^leuentat  ion,  and  method*  used  at  that 
time). 

The  FI&AL  la  a  rev  niece  of  hardware,  six  unit*  of  which  have  been 
atanufactured  by  ACA VEiCO  and  will  be  included  in  the  aprlng  1963  calibration 
trlala. 

Because  the  level*  of  apray  deposit  in  the  proposed  trials  will  be 
greater  than  those  encountered  In  the  trials  conducted  in  1962,  the  acetone- 
wash  method  will  be  used. 


iiiiC  1 1 1  on  « 

An  inherent  assumption  is  that  etphasis  will  be  placed  on  determining 
factors  essential  to  the  future  useful  operation  of  these  systems  rather 
than  on  llnding  out  "a, l  there  is  to  Vnow"  about  them.  Although  some 
ancillary  information  |s  desirable  (and  some  is  provided  for  in  this  pre¬ 
liminary  planning),  it  la  believed  that  if  fnrthrr  excursion  in  this  area 
la  desired,  it  should  he  so  Indicated  to  the  planm r  st  an  eaily  date. 
Otherwise  if  it  becomes  necessary  to  curtail  any  testing,  it  will  be  done 
in  the  ancillary  information  area.  In  this  connection,  it  should  be  noted 
that  a  system  developed  by  Transland  Alrcrsft,  Torrance,  California,  "was 
flown  to  ...  .  for  sever;!  i-c-nths  of  aerial  spray  distribution  pattern 
testa.”  In  contrast,  this  prelialnsry  plan  concerns  three  systems  and  a 
total  of  about  73  day*. 


*  Bv  J.W.  Brown,  25  February  1963. 
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Proposed  Oblsctives 

The  >ajor  objective  of  the  trials  at  Eglln  AFE  will  be  to  calibrate  the 
systems  for  their  apray  performance,  particularly  regarding  almability  of 
the  apray  and  achieving  uaeful  deposit  levels  and  particle  sizes  with  Purple 
code  auiterial. 

Current  guidelines  are  to  obtain,  under  conditions  of  Inversion  and 
temperatures  of  65"F  or  greater: 

C-123/MC-1  (Figures  1-4) 

particle  HKD  -  about  300  microns 

avath  width  -  >00  feet  or  greater 

deposit  •  3  gallons  per  acre 

and  determine  flow  rate  settings  necessary  for  such  deposits  under  conditions 
of  15 0  mph  at  150-foot  altitude  or  higher  on  lnwlnd  flights  with  wind  less 
than  five  miles  per  hour. 

For  AD-6/F1DAL 

particle  KMD  -  about  30tl  microns 

swath  width  -  maximum  (to  be  determined,  currently 

appears  to  be  about  150  feet) 

deposit  -  3  gallons  per  acre  and  maximum 

and  determine  fan  pitch  sittings  to  obtain  flow  rates  necessary  fr  snrh 
deposits  under  conditions  of  about  150  knot*  (173  ..iph)  ,.ud  .ippiopi  i  .ite 
altitude:  (or  greatest  effect  ivi  swath  widths. 

For  H-34/HIDAL  (Figures  5  and  h) 

particle  MMD  *  about  .!<'<>  microns 

swath  width  -  maximum  (to  be  ditermined,  currently 
appears  to  be  about  175  (eel) 
deposit  -  maximum 


T«ak  with  Sajlsss-p-jap  Co*61aatioa  (Forward  Mount) 
(D.f.  Air  Foreit  Fhoto) 


C*123/S3*l  with  "Tutfla  Catcfcsrs"  Katsitsl  for  flat 
Rate  Date  .-dnat  less.  (5T>  Esg  C-TOJf) 
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C-i2l/nC-l  Spraying  la  FUgJjt 
<?3  B»g  C-7429) 


'igor*  6.  il®s  KSSX  ?fcrjs  tess*«4  la  «a  H-34  2*lics?i«r, 

C'3  S*s  C-Twi) 


Tha  HEAL  haa  a  raiativaly  fixed  flow  rata  that  can  ba  adapted  to  ground 
deposits  by  aus^«r  of  nosalaa,  oossle  tips,  aod/or  varying  the  altitude  of 
release  and  alrryesd.  Both  of  the  latter  will  be  varied  and  a  determination 
mode  whether  an  airspeed  of  about  70  to  73  knots  can  be  ea'faly  flown  with 
the  rig. 


Addlti  /yt',  ft  1  P)Wt  lv»fl  (all  gyrtr-**)  ; 

1.  CiocSt  ground  performance  with  ground  flow  rate*  and  aerial  aprays 
of  a  Misters  of  l  part  fur-pie  to  2  parts  tt  dtseel  fuel  oil,  end  with  the 
fuel  oil. 

2.  Check  ground  flow  rates  with  watar  relative  to  performance  with 
other  eolations,  this  information  could  provide  a  basis  tor  ground  field 
checks  of  aystea  perforseoca  as  may  be  required,  e.g.,  0CC3U3, 


Botes  tm  T**s  £5£*£SJ»£2& 

2b#  original  0 O/ASPA  authorisation  tor  calibration  involved  only  the 
C-12J/7X-1  rye  tar,  but  with  two  nodlf  icationa  of  this  system.  The  first 
one  was  to  provide  quickly  a  ay,-, tea  for  obtaining  14  gallons  per  acre  and 
the  second  to  provide  a  3*"slSr->’*ner-eere  crysbility.  Until  the  throe- 
gal  loci  modification  was  reedy  tha  first  could  bo  and  wan  used  to  provide 
3  gallons  per  acre  by  the  expedient  of  flyls~  two  passes  at  14  gallons 
over  the  met  area. 

The  basic  objective  of  the  trials  la  to  ascertain  the  capabilities 
of  such  systems  end  to  raccsswad  configuration*  for  a  given  capability. 
Prior  to  the  second  trials,  most  effort  was  directed  toward  obtaining  the 
skaxiraus  capability  of  the  system  available  end  to  generate  ideas  for 
their  isjroimnrit  to  increase  this  waaiaua. 

Where  the  «vytK»  output  can  be  varied  the  objective  becoss*#  a  set  of 
tables  for  such  variation  of  system  "adjustability."  However,  it  is 
desirable  that  this  should  be  done  to  *o@*  extent  with  the  PXCAL. 

It  is  considered  desirable  to  have  concurrently  available  at  ELglln  at 
least  two  different  systems  and  to  alternate  daily  In  their  u»«  so  that 
a  period  for  aircraft  maintenance  is  possible  end  wore  tits*  will  be  avail¬ 
able  for  the  feedback  of  information  collected  from  one  run  to  the  ovrt 
for  a  given  system  so  that  necessary  adjustments  can  be  steda  as  retired. 
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O.S.A.T.  Tlnkar  ATS,  CSilaiscsa  (Meteorological) 

O.S.A.T.  K..U"’,,  Olmsted  ATS,  Pc  an  try  Iveta  ta  (ItC-l  -  codified) 

Contractor,  A£J.V~'D3,  Santa  Clara,  California  (PTRAL) 

l*Mz 

Lsboratc-r*  Pofetw  Prrerdxvaj 

1.  Laboratory  per  econo  1  will  not  j*»cV.«  within  50  fact  of  the  acetone 
•tores*  araa  or  la  the  laboratory  when  ecatoaa  la  being  used  at  a  solvent. 

2.  All  ceatenlanted  acetone  will  bo  disposed  of  In  a  Banner  directed 
by  tha  officer  la  charge  of  the  laboratory. 


1.  Aircraft  will  not  bo  flovn  over  populated  areaa  when  carrying  teat 
luma. 

2.  The  Project  Officer  at  B^Ila  ATS  will  provide  the  pilot  with  ea 
approved  flight  path  to  oed  fro*  tha  rtsge  that  avoids  all  peculated  areas. 

J.  The  aircraft  pilot  will  not  dispense  any  test  Itea  esxept  directly 
over  the  grid  area. 


feSSlLSZ 

Teet  result*  will  be  C3CLA53I7XTD. 


export  a 


1.  Arroy  personnel  will  he  responsible  for  the  prerjrstlcm  of  a*l 
technical  reports. 

2.  APCT,  Bglln  will  reproduce  the  report*. 

Photeerephy 

A  photo  teas  free  Port  Detrick  will  be  on  location  to  naV.e  a  docusaittary 
flin  (16-ca  color)  of  all  spray  syctona,  operation  of  laboratory,  «®d  grid. 

The  photography  laboratory  at  Eglln  ATS  will  process  certain  flla 
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At  the  Information  it  obtained  It  stay  indicate  stressing  the  need  for  more 
information  on  a  given  variable  and,  vice  verea,  may  wllov  an  early  choice 
of  (electing  and  uatng  a  "atsndard"  condition  for  a  given  variable  or 
variable*. 

Latitude  of  on-the-spot  choice  should  be  alloved  at  the  teatlng  pro* 
cceda. 


Agent  Ken'-lreetenf a 

Estimates  are  auenarlied  he  low. 

Estimate*  of  Callnn*  of  Purple  and  #2  Diesel  Fuel  Oil  Brquired 


System 

Purple, 

gallons 

Fuel  Oil, 
gallons 

Average  hr  lease 
Time  per  Past, 
seconds 

C-123/NC-1 

7500 

9270 

20 

FIDAL 

4800 

301*0 

12 

H1DAL 

<00 

1125 

20 

Total 

13200 

13475 

On  Hand 

6500 

... 

Add  It lonal 
Required 

6700 

13475 

Eat.  Cost/Cal 

$5.00 

$0.  10 

Est.  Cost 

5  33,500 

$1,  350 

Total  Cost 

$34,  850 

In  the  past  with  expedited  procurement  (Hew  York  Procurement  Office) 
5000  gallons  ol  Purple  have  been  obtained  on  slf*  virhln  two  weeks.  Fuel 
oil  was  obtained  l'cally  at  F.glln  AFK  ns  r.«  eded. 
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Peraonnel  Renuiromeiita 

Peraonnel  rcqulreoienta  art  tabulated  in  Tablea  1  and  II, 

Rcgardleaa  of  ayitm,  Arjy  pcraonneL  indicated  in  Tabic  I  and  the  Air 
Force  aietrorological  peraonnel  will  be  required  for  the  duration  of  the 
trlali.  Other  peraonnel  aatociated  with  each  ayatem  will  be  required  on 
location  as  long  aa  that  ayatem  la  rcqulrcJ. 


TABLE  I.  PERSONNEL  REQtCREMEKTS  (ARMY) 


Nuaber  of 

Fort  Detrick 

peraonnel 

Crops  Div. 

Other 

Ft.  NcClrlljn 

Fir  Id  Crew 

Coordinator 

1 

i 

A*ht.  Coord  in, i tor 

1 

i 

Radio  Operator 

1 

1 

Grid  Crew 

7 

2 

_ 

_s_ 

Total 

10 

U 

1 

5 

L/ib.  .’row 

Lab.  Supervisor 

Spot t rophotonK  tvr 

l 

1 

Operator 

2 

2 

Lab.  Ie.linician 

2 

2 

Plate  Wishing 

) 

■  3 

‘ilti ring 

2 

2 

D.»t.i  Pro 

j_ 

let 

1 1 

b 

7 

Cround  Flow  Ou’ck 

K^otpirunt  Fti»;in«  »  r 

1 

.  lu-mj  v  i !  |)vr  i  \ 

» 

*  *- 

:.m  ii 

U 

3 

ritet o^r.iph,  r 

i 

i 

!'•  r  .rn  m 

t  .1  i  l  *  t 

i 

1 
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Crop*  Divlilon  plant  to  supply  a  total  of  about  It  technical  am)  non 
technical  pertonnel;  about  half  of  theae  people  have  been  designated.  The 
remainder  are  anticipated  to  be  available  either  by  rea at  1  gnwtit  within  the 
Division,  tranafer  to  the  Division,  or  by  recruitment. 

The  following  Fort  Hetrick  personnel  are  requested  by  name  for  their 
various  specialties: 

Photography  -  Hr.  Paul  El  ley  aod/or  Hr.  Al  Clsana  * 

Equipment  Engineer  -  Hr.  Paul  Watopner  (to  be  In  charge  of  ground 
flow  rate  checks  and  ayatem  configuration) 

InstrinenL  Specialist  -  Hr.  Kenneth  Krantx 

Laboratory  Supervlaor  -  Hr.  Ceorge  Trout 

Arrangements  arc  in  process  or  have  been  completed  for  appropriate  Air 
Force  and  Navy  personnel  to  participate,  at  well  as  Army  personnel  from 
Fort  HcClcllan. 

A  means  of  obtaining  the  nervines  of  two  nr»AL  specialists  frets  ACAVENCC 
remains  to  be  determined.  Theae  two  special  lata,  necessary  equipment,  end 
support  at  Eglln  AFB  are  considered  essential  for  the  functioning  of  this 
ay.  *  era.  AflAVENCO  concurs. 


Aircraft  Time  on  Location 

In  regard  lo  time  of  aircraft  on  location,  a  rough  estimate  has  been 
made  for  one  month  each  for  the  C-1I3  and  F1DAL;  two  weeks  will  suffice  for 
the  HIDAL.  however,  It  la  hoped  that  snv  tvo  systems  could  he  on  location 
concurrently.  Alternate  use  would  allow  a  maintenance  period  every  other 
dav  for  appropriate-  ground  checks  prior  to  a  flight.  Additionally,  feed-back 
of  data  of  one  day's  operation  would  he  helpful  In  scheduling  the  next  C"n- 
liguration.  This  system  of  planning,  while  not  extending  the  over-all  time 
e-n  locat  ion  f  e- r  the  ceenduct  of  all  the  tests,  would  require-  an  extension  of 
the  t  1  me  on  location  for  the  i.n.M  v  idua  1  systems.  A  couple  i  »e  is  suggested 
e’l  43  el.ivs  lor  the  C-133  and  the  FIDAL,  with  the  C-133  the  seilc  system  for 
the  first  twee  we-e-ks  and  then  doubling  up  with  the  F1DAL  until  the  C-123 
missie*n  is  completed.  At  tli.it  time  the  HIPAL  could  either  be  brought  in  to 
double-  op  v  it"  the-  FIPAI  or  ehe-  FIDAI  could  he  run  singly  and  the  HIDAL  last 
by  i  t  se  1 1 . 
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Affro>lsit>  scheduling  su;;  jested  It  shewn  below: 


Bay  I  • 

■  13 

C-123/KC-1 

Bay  M 

-  43 

C-12J/KC-1  and  F1EAI 

Bay  44 

-  60 

rma 

Bay  41 

-  75 

■rs.it 

■agtwfgco  of  (Veretie-i 

Tfes  fallowing  general  scifar-nc*  of  cg>f rat ion  will  b«  ejuecuted: 

1.  Cemf igurstloo  selection. 

2.  Crownd  checks  on  p«rfori&ffivce  md  rexdinri *  (Plaid  2). 

3.  Flights  (Bass®*  52  S). 

4.  Laboratory  processing  (Field  2). 

3.  Beta  processing  (Field  2). 

4.  Information  feed-back  for  configuration  selection. 

■onus'  ly,  U«<  1  and  2  will  be  performed  the  day  preceding  flight*, 
three  hours'  sir  tine  oa  a  mission  Is  anticipated  on  the  average.  Item  4 
is  likely  to  require  «  major  portion  of  s  day,  so  thst  Item  5  will  proceed 
concurrently  with  availability  of  Item  4  findings  in  order  to  expedite 

Item  6. 

It  Is  anticipated  thst  the  sir,  meteorological,  end  field  cr*vi  will 
start  their  day  at  about  down  minis  2  hours  to  be  on  location  at  first 
light,  the  laboratory  and  data-processing  crews  to  be  ready  for  work  at 
about  0700  or  eoor.cr  as  may  be  required.  The  aircraft  la  expected  to 
arrive  at  Field  2  after  a  mission  between  0700  and  0800  for  maintenance, 
refueling,  and  ground  checks  with  the  systera.  The  ground  check  crew 
would  be  required  on  location  when  the  system  la  available  after  a 
mission. 

As  required,  certain  personnel  may  have  to  be  assigned  to  tasks 
temporarily  where  the  need  Is  greatest. 

f ! 

Unless  directed  otherwise,  it  is  considered  that  the  C-123/fCC-l 
system  will  be  the  Initial  system  to  be  tt rted,  the  F1DAL  second,  and  the 
MICA!  third.  It  is  bellrvcd  that  with  this  sequence  a  shakedown  period 
will  be  minimized.  {  j 


It  la  coons l dared  doslrebla  that  pilots  aaaleaod  to  tb  i<s  oiaaloa  bo 
doal goaied  oa  ©r  «4«srt  1  £jrll  so  that  they  csa  bo  assea&lad  aod  briefed, 
tbo  ©access  of  tbo  eisslea  *111  d*y«®d  greetly  oo  their  coders  treating, 
CMpirttUn,  aotlvetiea,  mui  yorfscaoace. 

It  bos  bor?  etuHjsstod  that  a*rj>rcyriat*  terries  personnel  bo  «s»t«»cd 
for  fawillarisotioa  tcaialEg  with  tbs  FIJlftL.  It  bos  be<*»  test* tlwely 
lad  tested  by  d£?&  that,  euisj  to  w?  factors,  Ur  force  porscwaaol  n*y  bo 
fMlyscttl.  dCJS"SiXO  asocial  lots  coo  ccodwet  this  ladoctr lost  loo  while 
at  Igllo  tB%. 

bUctrltetlai  of  tlwt  asetooco tsg leal,  sir,  trwzf  cfcocfc,  field,  lab¬ 
oratory,  sad  Utai?!rs«ill*4  crews  *111  bo  ceodncted  by  the  rt^ttrctln 
chiefi-of-eraw.  M  spy  roc  lot  Isa  of  the  owor-all  alaaioA  should  bo  glee* 
to  rach  section,  as  wall  as  the  taafes  of  tho  separata  waits. 
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affenoix  f 

METHODS  AM)  7ECS0JIQVES 


I..  fLC-jj  RATE  CM.IRMTICT  CM  IIS  GBOeW. 


A.  C-123/MC-1 

Each  of  the  configurations  of  the  C-123/1SC-1  system  tested  over  the  itrld 
area  was  calibrated  on  the  ground  at  the  Field  2  site.  The  C-123  was  perked 
on  the  remote  edge  of  the  concrete  pad  In  front  of  the  control  tower  with 
the  tall  overhanging  a  sandy  strip  so  that  any  spilled  material  would  drain 
away  f row  the  pad.  Aluminum  troughs,  or  "Purple  Catchers,"  fabricated  at 
Olmsted  AFB,  were  hung  on  the  wing  and  tail  booms  with  downspouts  leading 
into  open-top  15-gallon  driers  so  that  the  material  spraying  out  of  the 
noxfles  wss  esught  In  the  Purple  Catchers  and  collected  in  the  drums.  The 
level  of  material  in  the  drums  wss  measured  with  a  calibrated  dipstick. 

The  ground  flow  chrck  procedure  consisted  of  setting  up  the  norilc  con¬ 
figuration  to  be  checked  and  functioning  the  system  until  the  pumps  were 
primed  and  the  booms  filled.  After  the  initial  levels  of  liquid  In  the 
drums  were  a*«surcd,  the  system  was  operated  for  a  treasured  length  of  tiro.-, 
usually  15  or  20  seconds,  with  the  pump  pressures  and  rjrai's  prior  to  and 
during  spray  recorded  as  well  as  the  indicated  t low  rate  (used  from  flow 
meters).  Following  cessation  of  spray,  the  levels  of  material  in  the  drums 
and  the  material  temperature  were  recorded.  The  measured  flow  rate  was 
calculated  and  comnared  with  the  flow  rate  indicated  hv  the  system  flow 
meter. 

Throughout  the  calibrations  the  flow  meter  readings  were  in  clos< 
agreement  with  the  measured  flow  rate.  In  consideration  of  the  possible 
error  Inherent  In  the  measuring  system  (the  dipstick  reading  had  an 
accuracy  of  not  better  than  plus  or  mirus  one-half  gallon.  v>nd  16  to  l8 
readings  were  required  for  each  calibration)  and  the  magnification  of  this 
error  incurred  bv  not  being  able  to  sprav  lor  more  than  ?0  seconds  fhec  uise 
of  limited  drum  capacity),  the  flow  meter  needing  was  adopted  as  the  cali¬ 
brated  value.  The  pump  pressure  prior  to  spraying  seemed  to  be  the  best 
value  to  specify  for  sprav  runs. 

Since  the  ground  flov  checks  were  conducted  during  the  day,  the  liquid 
tempera.rure  during  the  morning  sprav  runs  ’.as  usually  from  eight  to  twelve 
degrees  Centigrade  lowi  r  t‘ an  that  at  which  the  liquid  was  calibrated. 


Prepared  by  Mr.  Paul  E.  Wampner. 


Accordingly,  th«  flow  wtti  Indicated  a  dtcrtiH  of  between  tan  and  twenty 
gallon*  per  nlaut*  during  th#  tprey  run*  from  the  value  obtained  during 
ground  f leu  check*. 

Difficulty  waa  esperleoced  early  la  tha  spray  teat*  in  getting  the  check 
valve*  to  recent  after  oyr«yis.j.  Initially,  thla  wa*  Mainly  dua  to  th*  spring- 
loaded  plug  c'cklisg  nod  not  returning  cwtplstely  forward  upon  the  release  of 
pressure  in  the  boc&s.  Also,  the  rubber  diaphragms  were  being  distorted  with 
th*  rapid  di*?l account  of  the  plug  by  th*  laltlel  fluid  surge.  A  change 
from  3-inch  borate  to  bmsas  of  lfc-iach  diameter  # l Ut lasted  most  of  th*  fluid 
surge  and  corrected  this  problem.  All  subsequent  leaking  problems  wore  due 
to  foreign  particles  catching  in  tha  check  valves.  The  use  of  a  strainer  in 
filling  operations  proved  partially  successful  In  allalnetlng  such  particles, 
but  particles  already  In  the  teaks  coo?; lowed  to  cause  sow  difficulty. 

A  tendency  of  th*  pimps  in  tha  NC-1  system  to  lose  prim  on  standing  end 
then  Co  develop  an  air  stock  on  restart  was  corrected  by  the  insertion  of  a 
bleed  line  between  the  top  of  the  pwp  casing  and  the  tank. 


>.  KDAL 

Cach  of  th*  nossle/llqatld  ceeflstirttioeii  for  the  HXSAL  systea  that  were  . 
tested  over  the  grid  area  wo*  calibrated  oa  the  ground  at  the  Field  2  site. 
Aluminum  v*c-ih*?ped  troughs,  fabricated  at  Bglin  An,  were  hung  f res*  eoch 
boon  cud  drained  into  upright  halves  of  35-gallou  drums  ao  that  the  Materiel 
sprayed  fron  th*  noaales  was  csiijht  in  the  troughs  and  collected  in  the  half- 
druss.  The  levels  of  atatsrlal  in  th*  druse  were  Measured  with  a  calibrated 
dlpst  ick. 

The  ground  flow  check  procedure  for  the  HIDAL  started  with  the  system 
being  operated  for  two  to  three  seconds  to  fill  the- boons  completely.  The 
initial  level  of  the  liquid  in  the  dries*  was  matured  and  the  system  vs* 
Operated  for  a  measured  length  of  tim,  usually  30  seconds,  during  which 
the  pimp  pressure  was  noted.  After  a  sufficient  interval  to  allow  the 
troughs  to  drain,  the  new  liquid  level  was  smasured  and  the  temperature  of 
the  liquid  taken.  The  flow  rate  was  calculated  from  the  mount  of  liquid 
tprayed  over  the  maaured  tine  interval.  It  waa  observed  that  enough  heat 
wsr  transferred  to  the  liquid  by  spraying  out  and  pumping  beck  into  the 
HIDAt  to  raise  the  temperature  of  a  given  liquid  ebout  1’C  per  trial  but  no 
measurable  change  in  pressure  or  flow  rate  could  be  observed  over  ebout  a 
10JC  span,  which  was  attributed  to  the  use  of  a  positive  displacement  pump 
in  the  system. 

During  some  of  the  ground  flow  checks  an  extra  pressure  gauge  was  in¬ 
stalled  In  one  of  the  Inner  nosile  connection*  because  the  pressure  gauge 
mounted  on  the  pump  was  affected  by  vibration  and  showed  needle  deflections 
of  as  much  aa  eight  pal.  The  boon  pressure  gauge  showed  a  drop  of  three  psl 

from  the  pump  through  the  hose  connexions  and  waa  unaffected  by  the  pump 
vibrat  Ion. 
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J.  Dy*  Quantity 

The  quantity  of  dye  (0.1  p«r  cant  by  wight  of  Purple)  was  added 

to  all  spray  solutions  (Purple,  Ko.  2  diesel  fuel  oil,  and  a  mixture  of  two 
parts  No.  2  diesel  fuel  ell  and  one  part  Purple)  In  order  to  yield  the 
identical  calibration  curre.  This  then  f*ve  a  solution  0.144  per  .tent  by 
weight  In  the  fuel  oil  end  0.126  per  cent  in  the  2:1  nix.  In  the  field  a 
known  quantity  of  dyed  material  was  placed  va  an  alumir  -as  plate  and  exp.  »ed 
to  direct  midday  sunlight  for  IS  minutes.  ho  fading  of  the  dye  was  rotired 
when  It  was  assayed  In  a  spectrophotometer  and  compared  with  a  control  plate 
that  waa  kept  In  darkneaa. 

4.  Mixing 

la  the  field  laboratory  245  grass  (0.54  pound)  cf  the  dye  wre 
wished  in  one-quart  card',  r.rd  containers.  This  quantity  of  dye  was  added 
to  s  50-gallon  dress  of  chemical  material  (Purple  or  fuel  oil).  The  drum  waa 
then  replugged,  laid  on  Ita  aid#  and  rolled  on  the  runway  to  insure  mixing 
if  the  dye.  The  dr  tea  wee  righted,  opened,  end  the  aiaterlal  wea  pumped  into 
the  tank  or  tanka  cf  Che  aircraft. 

5.  Samples 

Prior  to  flying  the  teat  aircraft  e  simple  of  the  dyed  material  w,ie 
withdrawn  from  the  tenfc  or  tanka  of  the  aircraft  for  use  in  calibrating  the 
spectrophotometer.  Th la  sawple  was  always  drawn  lcraredlate ly  prior  to  take¬ 
off  for  the  grid  and  represented  a  composite  of  all  the  drums  of  material 
pumped  into  the  aircraft.  A  second  sample  waa  drawn  from  the  aircraft  aft’r 
the  apray  mission  was  completed  and  the  plane  returned  fr-m  the  grid.  Hercc 
in  all  cases  at  least  two  samples  of  the  spray  material  wre  taken  from  the 
aircraft. 

Th-se  samples  when  properly  diluted  yielded  s  -  illbrati:r.  tur.’e  for 
the  day,  which  vje  used  to  detrraire  »ei>  deposit  at  tile  sampling  stations. 

6.  Calibration 

Tne  following  calculations  illustrate  the  cal  1  brat l ‘i  technique: 

1  acre  contains  43,560  square  feet 

1  s lx- ir ch-s quarc  aluminum  piate  .  o-tnirs  l  eqi.sr?  foot 
174,240  plates  are  required  to  cr  one  acre 
1  gall  on  contains  3,  785.  3  sii  111.  iters 

Therefore  :i  dcposlti.it  of  .me  gallon  per  acre  is  represented  by  J,  B’.J 
ml.  17-., 2-0  »  0.0217  milliliter  of  dyed  materia!  per  plate.  Htr.ce, 

10  gpa  •  0.21T  ml/plate 

8  gpa  -  0.17',  mi/piate 

6  gpa  «  0.130  ml/plaie 

0.1  gpa  *  0.00217  nl. plate,  etc. 
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This  quactlty  of  material  dissolved  in  *oy  volute*  of  solvent  represent*  the 
calibration  curve. 

To  tilUreti,  2.17  ml  of  the  smeple  was  diluted  to  30  ml  with  »«* 
ttei.  Five  al  of  this  dilution  wee  further  diluted  to  23  wl  with  wetonr, 
to  give  s  10-fpa  deposit  rate.  To  Illustrate  the  daily  calibration 
technic,  2.17  al  of  the  sesple  diluted  to  30  al  corresponds  to  30  gpe. 
Thereafter: 


Aaotnt  of 

Deposit  loo 

nm  mi»u«*!u  »i 

K*to» 

s.o 

10 

4.3 

9 

4>0 

• 

3.3 

7 

3.0 

4 

2.3 

5 

2.0 

4 

1.3 

3 

1.0 

2 

0.3 

1 

In  each  case  the  per  cent  trwaal*«lon  of  the  dilution  waa  read 
end  recorded.  The  logarithm  of  the  per  cent  trensniaalon  plotted  against 
deposition  rate  gave  the  dally  calibration  curve.  Figure  l  shows  s  typical 
calibration  curve.  It  should  be  noted  that  the  curve  passes  through  ICO 
per  cent  transmission  for  0.0  gpa.  This  la  logical  because  the  ICO  per 
cent  figure  Is  baaed  on  on  occtone  blank.  The  linearity  of  the  line  »sckcs 
reading  of  the  curve  a  very  simple  natter. 


8.  HASS  DEPOSIT 

After  a  plate  waa  sprayed  in  the  field  it  waa  covered  with  a  clean  plate 
to  fora  a  aandwlch,  trapping  the  dyed  material  between  the  two  pistes. 

These  were  then  placed  in  a  llgnt-proof  box  and  returned  to  the  laboratory. 
In  the  laboratory  the  plate  rod  Its  cover  were  placed  on  •  special  rack 
above  *  glass  f*n-ihaped  funnel,  a  standard  laboratory  funnel,  and  a  25-nl 
volumetric  flask.  This  arrangement  allowed  both  platea  to  be  washed  Into 
a  tingle  flask.  Figure  2  show*  the  arrangement  of  the  plate-washing 
apparatus. 


»5 


Figure  2.  Rett  fut  W«»Mng  Sprav  Deposit  I  rose  (fatal  Pint**. 
(U.S.  Air  Force  Plwto) 
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A  anlwr  of  Che  laboratory  c rev  washed  the  two  plate*  with  acetone 
through  a  ipray  nosale,  working  from  the  upper  corner  of  the  plate  d.>wn 
toward  the  lower  comer.  The  dyed  arterial  plus  acetone  solvent  waa 
collected  through  the  two  furmo 1  *  sod  Into  the  flask. 

Originally,  filter  paper  waa  used  In  the  second  funnel  to  remove  duet 
and  dirt  tnat  may  have  collected  on  the  plate.  This  practice  was  dis¬ 
continued  when  It  was  shown  that  the  filter  paper  removed  a  significant 
portion  of  the  dye. 

After  the  plates  were  sp::«y -washed  the  funnele  were  waihcd  with  ace¬ 
tone  frost  tne  spray  system  and  all  the  liquid  waa  collected  in  the  flask. 

The  volume  cf  the  flask  was  then  brought  to  25  ml  with  a  laboratory  plaatic 
wash  bottle  and  the  diluted  samples  were  placed  In  light-proof  boxes  and 
taken  to  the  spectrophotometer  for  analysis. 

Another  member  of  the  laboratory  crew  carefully  shook  the  contents  of 
the  flask,  rinsed  a  spectrophotometer  cuvette  with  a  portion  of  the  sample, 
and  then  filled  the  cuvette  with  the  sample.  The  per  cent  transmission  of 
the  aastple  waa  coshered  with  that  of  an  acetone  blank.  Duplicate  measure¬ 
ments  were  taken  from  each  sample  to  Insure  against  errors  in  reading  the 
scale  of  llir  spectrophotometer.  When  necessary  three  ov  more  readings  were 
taken. 

The  transmission  figures  were  recorded  on  prepared  form*.  A  data  tech¬ 
nician  used  the  calibration  curve  of  the  day  to  convert  per  cent  trans¬ 
mission  to  mass  deposit.  Rates  were  plotted  on  a  specially  prepared  graph 
that  represented  the  mass  deposit  at  any  station  and  gave  visually  the  swath 
width  at  any  desired  deposit  level. 


C.  MASS  MEDIAN  DIAMETER 

Adjacent  to  each  .ihtmlnun  plate  placed  In  tilt  field  was  a  similar  plait- 
with  a  "Krowekote"  card  clipped  to  it.  These  pistes  were  collected  at  the 
end  of  a  flight,  along  vltn  the  sample  plates,  and  were  placed  in  a 
specially  prepared  box. 

The  cards  served  a  dual  purpose:  (a)  on  inwind  flights  they  indicated 
which  plates  had  received  spray  deposit,  end  (b)  on  crosswind  flights  they 
were  used  to  estimate  HMD. 
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The  technique  of  using  these  cards  for  HMD  estima.es  vas  identical  to 
that  used  in  the  June  -  July  1962  field  test.* 

Since  the  previous  field  test  was  conducted,  considerable  Investigation 
has  been  performed  by  Physical  Sciences  Division  For:  Detrick,  cn  correia  <. 
mere  accurately  the  spherical  drop  size  with  the  spot  size  on  the  cards 
It  was  determined  that  with  the  agent  tested  a  lineal  relationship  exisol 
between  spot  jize  and  true  spherical  diameter  when  ‘he  spot  diameter  was 
500  microns  to  3600  microns.  This  range  correlated  ‘o  spherical  diameters 
of  150  to  600  micron*,  given  spread  factors  ranging  from  5.6  to  6.9 

Unfortunately,  No.  2  diesel  fuel  o.l  was  not  included  in  cht  study  a-J 
a  spread  factor  of  6.0  was  assumed  for  that  agent. 

With  the  exception  of  this  one  modification  to  the  analysis  the  ochni  , 
remained  identical  to  that  used  in  the  previous  tes:. 

All  MKU's  were  tabulated  and  the  necessary  ca 1c u lat ions  vert  performed 
to  relate  spot  size  to  SDherical  diameter. 
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III.  CAMPLING  GRID  OPERATION’ 


The  sampling  grid  constructed  for  the  spray  calibration  trials!  dur  ir.g 
the  summer  of  1962  was  used  for  the  1963  liials.  Repi acoment  of  [stakes  ■ 
and  plate  holders  and  training  of  personnel  to  service  the  grid  were  com¬ 
pleted  within  three  days  after  arrival  on  location. 

a  grid  diagram  work  sheet  (Appendix  H)  was  prepared  to  facilitite 
selection  by  the  grid  controller  of  an  aircraft  course  appropriate  to  the 
prevailing  meteorological  conditions.  Any  unusual  occurrences  during  the 
grid  operation  were  also  noted  on  the  work  sheet. 

Two  jeeps  with  th  'ee  men  each  •-•ere  used  to  service  the  sample  l  ine. 

One  jeep  and  c.ew  would  servicle  IStat  ions  1  through  30  and  the  other  crew 
Stations  51  through  100.  The  ,tnree-man  crow  consistec.  of  (a)  a  driver- 
radio  operator,  (b)  a  pick-up  and  placement  man,  and  (c)  a  man  to  receive 
exposed  plates  and  cards  and  place  these  in  proper  sequence  in  containers. 
Information  was  radioed  to  the  Jeep  crews  as  to  which  sample  line  4as  to  be 
used.  j 

I 

The  two  Jeep?  and  crews  were  dispatched  to  the  hub  of  the  gi id,  at  which 
point  they  "Ould  receive  their  instructions  regarding  sjmple  liuo  selection. 
I'pon  receiving  this  information,  they  would  place  on  each  stake  two  serially 
numbered  clean  six-inch-square  aluminum  plates.  A  four-  by  five-inch  white 
Kromckotc  card  was  clipped  to  one  of  these  plates.  After  setting  up  a  line 
the  crews  would  remain  off  the  extreme  ends  of  the  sample  line  until  after 
the  spiny  flight  and  a  subsequent  fen-minute  period  for  the  spray  to  settle. 
Tlie  crews  were  told  by  radio  when  to  collect  the  sample  cards  .  nd  plates. 

£ 

Plates  with  the  Kromekofe  cards  wore  placed  in  .in  open-top  box  with 
slots  t  h  n  t  prevented  them  from  touching  eech  other.  Thesi  c.irds  were  used 
to  obtain  n  visual  record  of  deposit  of  the  spr.iy  end  the  prevailing  .'trey 
of  droplet  sizes.  The  «iluminum  pl«<le  th.»t  u  >s  expos*  <1  *o  t>«-  vrs 

covered  with  an  unexposed  pinto  of  the  spire  size  nid  these  were  stacked  in 
.1  l  ight  -t  ight  box.  I 

Hie  immbei  ot  plates  be  i  n  ♦  hand  1  ed  mr.iii  it  impossible  lor  the  u<  v  to 
reset  the  sample  line  ns  they  mevved  toward  the  hub  during  the  piik-up 
operation.  Therefore,  tiny  were  instnuu  .!  after  tiny  had  reach* d  the  hub 
of  the  criil  ns  to  which  lino  would  hi  sot  up  for  tin  next  flight. 


A  third  ja«p  v*»  used  as  rratwr  to  k&op  fresh  plates  supplied  to  the 
two  jeeps  sereins  the  staple  lias a  sad  to  return  exposed  plates  to  the 
truck. 

A  ground-to-air  radio  (Ui-,7)  was  on  location  for  ecmunlcatlon  with 
the  aircraft.  Qnca  the  sicaple  line  was  set  up  the  aircraft  course,  air¬ 
speed,  and  altitude  for  tha  next  flight  were  radioed  to  the  pilot. 

Meteorological  information  consisted  of  wind  direction,  wind  speed, 
dry  and  wet  bulb  temperatures,  ar.d  rclatira  humidity.  These  reeding# 
were  mod*  at  50-foot  interval®  fsrea  Turfoca  to  200-foot  altitude  when 
the  C-123/3SC-1  syataa  was  be  lag  calibrated.  Beading*  at  25-foot  Inter¬ 
vals  were  made  up  to  ICO  feat  when  the  B-34/HIUAI.  system  was  being 
calibrated. 

Pour  tethered  Jalbert  J-5  balloons  (Figures  3  and  A)  were  uoed  in 
obtaining  the  »tma  neteorolcgical  inforcaticn.  One  of  the  balloon® 
was  placed  appwnsisetely  100  feet  out  from  the  ends  of  each  ample  line 
B,  D,  and  3'.  Tbs  fourth  balloon  was  located  at  the  CP  (control  point), 
which  waa  approximately  1000  feet  from  the  last  station  on  oracle  line  O'. 

The  meteorological  personnel  were  frem  the  6th  Weather  Squadron, 
Tinker  APB,  Oklahoma,  enJ  ware  supervised  by  personnel  from  ©etechsent  6, 
Weather  Croup,  Zg41a  APB,  Florida. 

Meteorological  personnel  reported  to  the  grid  at  0030  hours  to  set 
up  equipment  end  make  meteorological  observations  to  determine  If  the 
weather  would  be  suitable  for  operation  eech  coming.  When  the  weather 
waa  adverse,  the  Project  Officer  vsa  notified  and  the  trial  was  cancelled 
prior  to  0300  hours.  After  this  tlras  it  was  Impossible  to  alert  all 
personnel  who  were  assigned  grid  duties  because  many  were  already  enronte 
to  their  stations.  The  decision  to  pieceed  with  the  mission  or  to  abort 
was  then  made  at  the  grid  as  the  meteorological  situation  improved  or 
deteriorated. 

Ihe  four  smteoroioglcal  stations  communicated  with  on®  another  by 
field  phones.  All  stations  reported  the  meteorological  information  to  a 
central  recorder  located  at  the  CP.  The  data  were  recorded  on  a  form 
(Appendix  H)  that  was  tumec  over  to  the  grid  controller  for  use  In 
determining  the  aircraft  course  for  the  next  flight  and  for  a  record  of 
the  meteorological  data  at  the  time  of  spray  release. 
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Figure  3.  Balloon  Used  In  Obtaining  Meteorological  D«ta. 
(U.S.  Air  Force  Photo) 


Figure  4.  Balloon  I'scd  in  Obtaining  Met  euro lugii a  1  tiata. 
(U.S,  A:i  Force  Fhoto) 
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Eglln  APB  Agent  Saaples:  July  1962 

STAINED  CAJLD  SPOT  SUE,  SWAJ  PATHOS,  SKEEICAL  DSC?  DUKSTES, 

mass  use ias  DiAsrna 

Material:  Purple 

(Data  courtesy  Mr.  V*  It  or-  Volf,  Rtyalual  Sciences  Division,  Septcaber  1962) 


St*in«d  Csrd 

Spot  Sis*  # 
microns 

Sprtsd  F  sc  tor 

Spfc*rlesl  Drop 
DU«*t«r , 
micrcns 

W*8<*  Krdlai 
low  Spe^d 

(r.F.  •  2.2) 

i  Ptswter 

High  Speed 
<c.r.  -  2,5) 

2000 

3.404 

336.6 

162.1 

142.6 

2s00 

3.660 

371.0 

164.6 

148.4 

2200 

3.710 

383,3 

175.1 

154.1 

2300 

3.756 

100,6 

181.6 

15*. 8 

2400 

5.m 

413,* 

IPS.  1 

163.6 

2500 

5.431 

42J.2 

1*4.6 

171.3 

2600 

3.176 

442.3 

201.1 

177.0 

2700 

3*611 

434.8 

207.6 

142.7 

2  SCO 

3.644 

471.1 

2U.1 

144.4 

2400 

5. *74 

443  4 

220.6 

1*4.2 

3000 

6.004 

4**,  7 

277.1 

l**.* 

3100 

6.031 

314,0 

213.6 

205.6 

3200 

6.034 

528.4 

740.2 

211.4 

1300 

6. Ml 

342.7 

246.7 

217.1 

3400 

6.104 

557.0 

253.2 

222.8 

3500 

6.126 

571,1 

256.7 

228.5 

3600 

6.148 

345.6 

266.2 

214.2 

3700 

6.168 

5**.* 

272.7 

240.0 

3400 

6.187 

614.2 

27*. 2 

245.7 

3*00 

6.205 

624.3 

285.7 

231.4 

*000 

6.223 

642.0 

2*2.2 

257.1 

4100 

6.238 

637.2 

2*a.j 

262.* 

5200 

6.235 

671.5 

105.2 

H8.4 

4  300 

6.270 

645.8 

111. 7 

274.1 

4400 

6.285 

700.1 

118.2 

280.0 

4500 

6,2*9 

714.4 

124.7 

283.8 

4600 

6.313 

724,7 

131.2 

2*1.5 

4  700 

6.326 

741.0 

317.7 

2*7.2 

4800 

6.  338 

(37.3 

3*4  •  2 

10?.* 

**00 

6.350 

771. ■> 

350.7 

106.6 

5000 

6.362 

745. * 

157.2 

114.4 

5100 

6.373 

400.2 

161.7 

320.1 

5200 

6. 3*4 

814.5 

170.2 

125.8 

5300 

6.3*5 

828.8 

1/6.7 

111.5 

5400 

6. *05 

841.1 

341.2 

11/. 2 

5500 

6.415 

857.4 

189.7 

341.0 

5*00 

6.424 

871.7 

1*6.2 

,148. 7 

5700 

6.433 

886.0 

402.7 

154.4 

5800 

6,442 

*00.1 

40*. 2 

1*0.1 

5*00 

6.431 

*14.6 

413.7 

165.4 

6000 

6.43* 

*2*.0 

422.2 

171.6 

6  1 UO 

6.467 

*41.3 

428.7 

177.  > 

6200 

6.475 

*57.6 

415,2 

Id!  .0 

6J00 

6.482 

*71.* 

441.7 

184.8 

6*00 

6.4*0 

*86.2 

448.2 

1*4.5 

6500 

6.4*7 

1000.5 

454.7 

400.2 

6600 

6.504 

1014,8 

461.2 

403.* 

6?00 

6. Ml 

102*.l 

467.7 

411*6 

6901 » 

6.517 

10*3.4 

4/4,7 

417.4 

6*00 

6.524 

1057.7 

480,7 

421.1 

7000 

6.52* 

1072.1 

487.1 

428.8 

Soto:  Spherics!  DUsftir  •  ?U.44  *  0.U31  SS. 
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Eglin  APB  Agent  Staples: 


July  1962 


STAINED  CAXfl  SPOT  SIZE,  SFS2A0  PACTOa,  SP3H3ICA1  DS5P  DIAMTS, 
HASS  KEJXA3  9IAKSTSK 


Material:  l  Purple,  2  Fuel  Oil  Nix  (Avr.  of  Sa-aples  A"  and  "B") 

(Data  courteay  Mr.  Walton  Wolf,  Physical  Sciences  Division,  Septerc&er  1962) 


Stained  Card 
Spot  Sill, 
alcron* 

Spread  Fsctor 

Spherical  Drop 
Ditnlir  t 
»lcron« 

tasa  Median  W*c»t<»T 

Low  Spend  Hljjh  Sp*cd 

(C.r.  -  2.2)  (C.r.  -  2.5) 

2000 

5.(47 

JSl.J 

159.8 

1*0.7 

2100 

5.73? 

3*5.9 

166.3 

146.* 

2200 

5.788 

380.1 

i*2.8 

152.0 

2  >00 

5.813 

m.  3 

179.2 

157.7 

2400 

5.875 

408.5 

185.7 

163,* 

2500 

5.91* 

*21.7 

192.1 

169.1 

2600 

5.951 

436.9 

198.6 

174.8 

2700 

5.985 

451.1 

205.0 

180.4 

2800 

6.018 

465.3 

211.5 

186, 1 

2900 

6.048 

479.5 

217.9 

191.8 

>000 

6.077 

493.7 

22*.* 

197.5 

3100 

6.10* 

507.' 

230.8 

203.2 

)?no 

6.17* 

522.1 

237.3 

208.8 

3300 

6.155 

536.3 

243.7 

21*.  5 

3400 

6.177 

**>.* 

250.2 

220.2 

3500 

6.199 

364.6 

256.6 

225.8 

3600 

6.220 

578. 8 

263.1 

211.5 

3700 

6.239 

593.0 

269.5 

2J/.2 

1800 

6.258 

607.2 

276.4 

2*2.4 

3900 

6.276 

621.4 

282,4 

2*8.6 

*000 

6.293 

635.6 

2-18.9 

254.2 

*100 

6.310 

649,8 

293.3 

259.9 

*?oo 

6.323 

664.0 

301.8 

265.6 

*300 

6.340 

678,2 

308  2 

2.’l.'i 

*400 

6.335 

692.4 

154.7 

t/i.o 

4  500 

6,36* 

706.6 

521.1 

282.6 

4600 

6.382 

720.8 

327.6 

288.3 

4700 

6.393 

7  35.0 

334.1 

294.0 

*aoo 

6.407 

749.2 

340.5 

299,7 

4^00 

6,*  1* 

763,4 

>47.0 

305.4 

30fX) 

6.430 

777.6 

353,5 

311.0 

5100 

6.44! 

791,8 

359.9 

316.7 

3200 

6.431 

806.  1 

366.  A 

322.4 

5  300 

6.461 

820.  3 

372.8 

I’M 

5400 

6.471 

8)4.5 

379,3 

J,8 

5500 

6.481 

6*8.7 

385.7 

J9.5 

*600 

6.491 

862.9 

392.2 

U5.2 

5700 

6.49* 

877.1 

198.0 

350,8 

5800 

6.507 

891.J 

405.1 

356.5 

3*00 

6,516 

905.3 

411.5 

362.2 

6<X« 

6.524 

4J9.7 

418.0 

367.9 

6100 

6.512 

*33.9 

*2*.* 

37)  6 

»*'Wi 

»>.  i  3** 

‘H*.  1 

*30.4 

J74.2 

h  100 

6.547 

962.) 

437.* 

385.9 

6-*  00 

(.554 

976.5 

**3.8 

390.6 

6500 

6.565 

990.7 

*50.3 

396.1 

6600 

0.568 

1004,9 

*56.7 

402,0 

6  700 

6.374 

1O10 . 1 

463.2 

405.6 

►,  J.V1 

6.581 

1033.3 

'.69.6 

411.3 

00 

6.587 

1047.5 

*76.1 

417.0 

7  MO 

4.59] 

1061.7 

*82.5 

424.7 

:  Sph-  r  lt'«  1 

DianWor  -  67,72  *  0, 

U20  SS. 

APPENDIX  C 


U.S.  A  ray  Biological  Laboratories,  fort  Detrick,  Maryland 

Crops  Division 

Mr.  Lsster  W.  Boyer 
Mr.  Raymond  W.  Anders 
Mr.  Sari  V.  Bare 
Lt.  Albert  L.  Bertraa 
Pvt.  Valter  J.  Bart 
Pvt.  Glen  E.  Trunble 

Office,  Director  of  Biological  Research 
HaJ.  Alvin  R.  Hylton 

Physical  Sciences  Division 
Mr.  Ceorge  V.  Trout,  Jr. 

Sp-4  Robert  Boulstar 
Sp-4  Austin  V.  Regan 

Technical  Evaluation  Division 
Mr.  Donald  Rica 
Mr.  Kenneth  P  lira  by 
Mr.  Kenneth  Levis 
Mr.  Kenneth  Marsh 
Mr.  Charles  A.  Staley 

Technical  Information  Division 
Mr.  Psul  Riley 
Mr.  Alsn  China 

Munitions  Development  Division 
Mr.  Paul  E.  Wampner 
Pfc.  Samuel  J.  Carmel  la 

Maintenance  Division 
Mr.  Kenneth  Krantz 

Detailed  frets  other  Divisions 
Pfc.  Lawrence  K.  Glacowinl 
Sp-4  James  McClure 
Pfc.  Jay  M.  Wlegner 
Sp-5  Bernard  A.  latakts 
Sp-5  James  A.  Hightower 
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.  Army  Chemical  Corps,  Fort  McClellan,  Alabama 

I8:h  Chemical  Detachment  (TI) 

Lc  Cohn  B.  3yid 
S/Sgt  Stanley  J.  Kostszycki 
Sp-5  Choauis  F.  Hoffman 
Sp-5  Ira  Collins 
Pfc.  Joseph  ?.  Molesky 

69th  Chemical  Company  (SC) 

Sp-4  Robert  A.  O'Conner 
Pfc.  /ranklin  D.  Belcher 
Pf; .  Clair  N.  Carley 
Pfc.  Donald  H.  Lyons 
Pfc.  Cecil  E.  McElfresh 
Pf  .  . Joseph  J.  Techacek 

MAAMA.  Olmsted  AF3,  Pennsylvania 
Mr.  Kenneth  paird 
Hr.  Allen  R.  Knylnr 

Eglin  APS.  Florida 

Lt .  Vernon  L.  Hazen 
Lc  .  A  Kr.intz 
Mrs  Caroline  Gregg 

4500;h  Operations  Squadron,  l.anglcy  AFB.  Virginia 
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MASS  MEDIAN  DIAMETER 


Date 

Flight  No. 
Sample  Lime 
Flow  Kate 


KHS 

IB9 

|l 

|| 

\mmm 

Hi 
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MMD«2a£i-E-M3S _  . 

Spread  F actor  x  Coa.  Factor 


Spread  Factor 

Converuicm  Factor 

Paper 

Material 

System 


Max.  Spherical  Diameter* 


Min.  Spherical  Diameter. 


SMI  FD  FORM  5<8  (Temp) 
■  >  April  1PR.1 


MASS  DEPOSIT 


Material 

Date _ 

Flight 


Airspeed 

Altitude 


Sample  Line _ 

Time  ct  P.el«as? 

Duration _ 

Flow  Hate  _ 

System 


Swath  Width 
Aircraft  Couras 

Wind  Vector _ “ 

Spec. 


Spec.  Oper. 


St 

CPA 

St 

C.PA 

St 

GPA 

St 

GPA 

1 

26 

51 

7$ 

l  . 

27 

3? 

77 

1 

28 

S3 

78 

A 

29 

54 

IS 

5 

30 

55 

wm 

6 

3i 

56 

wm 

7 

32 

??  - 

82 

■fijpTfjfJI 

8 

33 

58 

wm 

4 

34 

59 

* 

J 

10 

35 

60 

wm 

1! 

36 

61 

86 

12 

37 

62 

wm 

13 

38 

63 

88 

14 

19 

64 

n 

15 

_  40 

'  ' 

65 

KTfl 

16 

41 

66 

wm 

17 

42 

67 

J  8 

43 

68 

43 

19 

44 

69 

94 

20 

45 

70 

wm 

21 

46 

71 

96 

72 

47 

72 

97 

1  » 

48 

73 

wm 

n  pi 

24 

49 

_  ^4  . 

99 

2  5 

50 

75 

m 

n 

Tn'.il  Dcpoeit* 

Percent  Recovery. 

l-MUFLl  FORM  547  (Temp) 
<!>  April  1  963) 
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Date _ 

Material _ 

Flight _ 

Sample  Line 


